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A food shortage exists in much of the world today, and it is growing 
more acute because the population is increasing at a faster rate than is 
food production» In some underdeveloped countries insufficient food is 
produced to feed the people, while in others enough food is produced to 
fulfill people's energy but not their protein requirements» This protein 
starvation usually is found where starchy foods, e.g., cereal grains and 
root crops, comprise the major part of the diet. 
Quality of protein is less important than quantity when feeding rumi­
nant animals because microflora in the rumen break down nitrogen compounds 
in the feedstuff and synthesize amino acids the animal needs. Even non­
protein nitrogen such as urea can be utilized in ruminant rations. However, 
for monogastric animals, such as humans, certain amino acids must be 
provided in the diet because the animal is unable to synthesize them and 
unlike the ruminant, it has no intestinal flora pathway to synthesize 
amino acids. Consequently, essential amino acids must be ingested in the 
monograstric's diet, and therefore, both quantity and quality of ingested 
protein are important in human and other monogastric nutrition. 
To obtain the required quality of protein, man is prone to use meats 
in his diet. However, it is a much more efficient use of food resources 
if humans eat grains than if the grain is fed to animals as an intermediary 
step to human consumption. Because human diets in many countries cannot be 
supplemented with animal protein, many researchers are trying to improve 
protein quality in cereal grains. As a part of this world-wide program 
nitrogen analyses have been made on the grain of many oat cultivars and 
species. Several strains of Avena sterilis. a wild oat collected from 
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Israel for its disease resistance, have been found to have considerably 
higher protein content than commonly grown oats, Avena sativa. 
A. sterilis is very undesirable agronomically, but it is hexaploid and 
crosses readily with hexaploid A. sativa. At the Iowa Experiment Station 
several of these interspecific crosses were made and ten were selected for 
my investigation. Objectives of this study were; (a) to study inheritance 
of crude protein in grain and straw of oats, (b) to study associations of 
grain protein with selected seed and agronomic traits, and (c) to study 
amino acid composition of the protein from lines having widely different 
protein percentages. 
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REVIEW OF LITERATURE 
Protein Content 
Plant scientists have studied quality of grain for over half a 
century, but with today's refined analytical techniques for studying 
composition and a more comprehensive understanding of physiological 
processes in plants we now are better equipped to improve nutritive value 
of grains. 
Hayes and Garber (1919) increased protein percentage in corn grain 
through selection, selfing and crossing selected types and reselection. This 
method is known as "recurrent selection." A nearly identical breeding 
method was used by East and Jones (1920) and they postulated many loci con­
trolled protein inheritance in corn grain» 
Inheritance of protein content in wheat grain was found by Clark (1926) 
to be complex, and environment affected its expression. No segregate had 
greater protein than its high parent indicating no dominance for high protein 
percentage. Kaul and Sosulski (1965), Stuber et al. (1962), and Haunold 
et al. (1962) found little or no dominance controlling protein percentage in 
wheat crosses. Partial dominance for low protein percentage in a wheat 
cross was reported by Lebsock e_t al. (1964). Frey e^ al« (1954) found mean 
protein percentage for F^ oat selections was not different than the low 
protein parent, suggesting dominance for low protein. In a later study by 
Frey et al. (1955), two oat crosses showed partial dominance for low protein. 
Frey (19^9) found low protein percentage to be dominant in two corn crosses, 
while Weber (1950) found partial dominance for low protein in an inter­
specific soybean cross. Amount and direction of dominance seemed to depend 
on the genetic background of the parents of the cross being studied. 
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Heritabîlîty percentages for protein percentage vary widely, even 
within a crop. The specific crosses studied and the methods both contribute 
to varying heritability estimates. Using three methods of estimating 
heritability, Stuber et al. (1962) found protein percentage to be 82, 83, 
and 68 percent heritable. Davis et al. (1961) studied four wheat crosses 
and found broad sense heritabi1ities from 54 to 69 percent, while narrow 
sense estimates ranged from 23 to 35 percent. Other studies on wheat have 
shown heritabi1ities ranging from 15 to 103 percent (Kaul and Sosulski, 
1965; Lofgren et al., I968; Sunderman et al., 1965)» Broad sense herita­
bi li ties for protein percentage in soybeans have ranged from 57 percent 
(Kwon and Torrie, 1964) to 77 percent (Fehr and Weber, I968). Frey et al., 
(1955) found broad sense heritabi1ities of 88, 89 and 90 percent in three 
oat crosses. Generally, heritabi1ities for protein percentage in grain 
are high, i.e., over 50 percent. This indicates good progress from selection 
can be expected in most cases. Environment affects protein percentage 
greatly and a large genotype x environment interaction may have been included 
in some of the reported herltabi 1 ities (Hutchinson and Martin, 1955 and Lebsock 
et al.,1964). But, high narrow sense heritability percentages reported by 
some investigators show promise for improvement of protein through selection. 
Long term selection for high and low protein percentage in corn sug­
gests many genes are involved with predominantly additive gene action 
(Woodworth et al.,1952). In 50 generations of selection the protein percent­
age was changed from 10.9 1n the original population to 19-5 percent in 
the high protein population and to 4.9 percent in the low protein popula­
tion. Both new populations still contained considerable variability 
for protein percentage after 50 selection cycles as shown by progress made 
when reverse selection was practiced. 
Hutchinson and Martin (1955) found poorly filled grains with very 
high nitrogen content were produced when oats ripened prematurely. This 
resulted in a negative correlation between yield and percent grain nitrogen 
within a single variety grown under different environmental conditions. 
Poorly filled oat grain also was reported by Ashton (1938) to have higher 
percent crude protein then plump grain, and straw had higher percent crude 
protein when grain was poorly filled. Severe drought conditions brought 
about poor grain filling and the crop had not fully matured. Mature straw 
did not vary in protein content from variety to variety, so perhaps, 
nitrogen translocation from straw to grain was terminated by drouth condi­
tions before being completed. Dent (1957) found nitrogen fertilization 
increased straw protein percentage but the percentages were similar for 
all plants in a single environment when harvested at a comparable stage. 
Average figures for protein content of cereal grains given by MacKey 
(1959) were: oats 9-14 percent, barley 9-12 percent, rye 9-11 percent, and 
wheat S-\k percent. The figure for oats was for whole grain, whereas 
groats contain 12-20 percent protein, depending on amount of husk. Oat 
and barley straw has 2.0-4.5 percent protein and wheat and rye straw has 
2.0-4.0 percent. 
Protein Associations With Other Traits 
Nitrogen fertilization increases protein percentage in grain of 
cereals (Portch et al., 1968; Waggle et al., 1967; McBeath et al.. I960; 
Sauberlich et al., 1953) and grain yield. Yet a negative association tends 
to exist between yield and percent protein in grain crops (Brown et al». 
1966; Malm, 1968; Stuber et al.. 1962; Kwon and Torrie, 1964; Frey, 1951a), 
so at a given nitrogen level, higher yielding lines tend to have lower 
protein percentages and vice versa. However, Jenkins (1969) found this 
not true for interspecific oats crosses. Some of the highest yielding 
segregates had better than average nitrogen content. Probably a negative 
association between yield and protein percent is not absolute, but of 
sufficient importance to make it difficult for a breeder to select high-
yielding, high-protein lines in the grain crops. 
Since laboratory procedures for determining nitrogen content of grain 
samples are time consuming, expensive, and require specialized equipment, 
search has been made for associations between easily measured morphological 
traits and protein content that could be used to predict protein content in 
the grain. Clark et al. (1928) found no association between awns and protein 
percentage in wheat, but Clark and Q.uisenberry (1929) found awned wheats 
had greater percent protein than non-awned types. Little or no association 
has been shown between protein content and maturity, height, or seed weight 
in oats, barley, and wheat (Brown et al., 1966; Hsi and Lambert, 1954; 
Schlehuber et al.. 1967; Stuber et al., 1962). Protein percentage was found 
positively correlated to seed size in sorghum by Malm (1968), but this may 
have been due to large seeded types having large embryos. 
Studies on wheat by McNeal et al. (1966) and Johnson et al. (1967) 
showed kernel nitrogen was not closely associated with nitrogen content of 
other plant parts, and Dent (1957) found no relationship between protein in 
straw and grain of oats. 
7 
Protei n Q,ual i ty 
Quality of protein decreases as the proportion of protein în corn grain 
increases. Zein, the alcohol soluble portion of protein in corn, is fre­
quently used to measure protein quality for it contains only very small 
amounts of two essential amino acids, lysine and tryptophan. Frey (1949) 
observed an increased proportion of zein in protein as grain protein 
percentage increased. Mitchell et al. (1952) found zein and non-zein 
proteins increased proportionately until protein in grain reached 14 percent, 
but then zein increased at a greater rate than non-zein protein did. The 
effect of disproportional increase in zein, as also shown by Frey (1951a) 
and Sauberlich et al. (1953), was to decrease lysine and tryptophan as 
a percentage of protein. MacGregor et al. (19^1) found corn protein 
percentage increased and protein quality, measured by percent essential 
amino acids in the protein, decreased with additional increments of nitrogen 
fertilizer. However, production of each essential amino acid per given 
area of land increased with nitrogen fertilization because total yield 
i ncreased. 
Nitrogen fertilization caused nearly the same reaction in sorghum as in 
corn with respect to protein quality (Waggle et al., 1967). Using lysine, 
which is usually a limiting essential amino acid in grains, to measure 
quality in sorghum, Campbell and Pickett (1968) found protein quality 
decreased as both yield per plant and protein percentage increased. 
For barley, McBeath et al. (I960) reported that as a percentage of 
protein, only two of nine essential amino acids decreased as protein 
percentage was increased by nitrogen fertilization. Total amount of 
essential amino acids in the grain increased with higher protein, and rat 
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feeding trials showed the nutritive value of the grain also improved as 
protein percentage increased. 
Frey (1951b) found the alcohol soluble nitrogen (avenin) in oat grain 
remained a constant 18 percent of total nitrogen when the total range was 
1.71 to 2.77 percent (i.e., 10.7 to 17*3 percent protein). He postulated 
that protein quality of oats was nearly constant for all grain sources. If 
good quality protein is inherent in all oat lines, the problem of producing 
high-yielding types with high nutritive value should be more easily over­
come in oats than most other grains, since one only would need to select 
for high protein percentage. 
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MATERIALS AND METHODS 
Materials 
Ten interspecific crosses of Avena sativa x A. sterilis were used in 
this study. These oat species are both hexaploids, they cross readily and 
produce fertile hybrids» Two A. sativa varieties, O'Brien and Garland, were 
used as females and six A. sterî1is lines, which were known to have high 
percentages of crude protein, were used as males. O'Brien was crossed to 
all six A. steri1is lines and Garland was crossed to four. Each cross 
was studied in a separate experiment. Table 1 shows cross number, parentage 
and experiment number used for each cross. 
and plants were grown In 10-cm pots In the greenhouse during 
Table 1. Parentage and experiment number for the 10 oat crosses used in 
this study 
Cross Number Parents Experiment Number 
X930A 0'Brien X B426 90 
X932A 0'Brien X B428 91 
X933A 0'Brien X B429 92 
X934A 0'Brien X B430 93 
X93 7A 0'Brien X B433 94 
X938A 0'Brien X 6434 95 
X940A Garland X 6426 96 
X943A Garland X b429 97 
X947A Garland X 6433 98 
X948A Garland X B434 99 
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winter and spring I968. To increase seed sufficiently for replicated field 
trials, panicle hills (12 seeds per hill) were grown in a soil bed in 
the greenhouse in fall I968. Hills of parents were also grown. Hills were 
spaced 30 cm apart perpendicularly and ammonium nitrate was added to the 
soil three times during the growing period to provide for maximum nitrogen 
uptake. An oversupply of nitrogen was available to the plants as evidenced 
by the fact that the soil contained 115 kg available nitrogen per hectare 
after harvest. Bamboo stakes were used to keep plants from lodging. 
The seed from each hill (except for parents) was an Fg-derived line in 
F^ generation. The greenhouse produced seed was used to plant the replicated 
field experiments and for protein analysis. 
General Methods 
During summer 196% ten experiments (one per cross) were grown at the 
Iowa State University Agronomy Farm, Ames, Iowa. An experiment contained 
between 30 and 46 Fg-derived lines from a cross, the two parents of the cross, 
and three check varieties, Burnett, Stormont, and Tyler. The terms "cross" 
and "experiment" will be used interchangeably as each experiment represented 
one specific cross. Each experiment had five replicates of hill plots. A 
plot consisted of 30 seeds sown in a hill and the hills were spaced 30 cm 
apart in perpendicular directions. To facilitate note taking without having 
to walk among plots, the experiments were arranged in the following way: 
(a) entries in each replicate were planted in four rows of hills, with the 
number of hills per row depending on the number of entries (filler plots 
were used to equalize the number of hills in each of the four rows when 
necessary), (b) replicates were planted end to end forming strips composed 
of four rows of hills, and (c) each strip was bordered with two rows of 
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of hills on both sides and both endso 
About 336 kg of ammonium nitrate per ha were added to the soil at the 
experimental site before planting to provide an adequate supply of soil 
nitrogen throughout the growing season. I reasoned that this would permit 
each genotype to take up and utilize nitrogen to its full genotypîc 
capability. Soil tests showed available nitrogen present at rates of 120 
and 80 kg per ha before planting and after harvest, respectively. Since there 
was excess nitrogen in the soil after the growing season, differences among 
lines for crude protein of straw and grain probably represented genotypic 
expression and were not confounded by limited soil nitrogen from 
heading to grain maturity (Hutchinson and Martin, 1955)* When most 
of the plants were 30 cm tall, woven wire fence was stretched 
horizontally over the plots 45 cm above the ground to prevent lodging, 
which 1 anticipated would occur due to the high nitrogen application. 
Fungicide was applied each 8-10 days from the time rust pustules were first 
observed until the plots were mature, to minimize rust damage. 
Several traits were measured In the oat experiments. Maturity was 
recorded as days after May 31 when half the plants in a plot had panicles 
fully emerged. Height, in centimeters, was measured after panicles were 
fully extended as the mean distance from ground surface to panicle tips. 
Plots were classified as either shattering or non-shattering. Plots were 
not harvested for yield determination because of extensive wind damage. 
After most of the plots had headed, strong winds accompanying thunderstorms 
broke many culms just above the woven wire, and injured plants produced 
shrivelled seed because the conductive tissues were ruptured. There were 
some non-broken plants in every plot and these were tied to stakes to 
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prevent further breaking. Seed for nitrogen analyses was harvested only 
from uninjured plants, and straw samples, consisting of internode tissue 
immediately below the panicles, were taken from uninjured plants after 
grain harvest. Leaves were omitted from the straw samples since there was 
some crown rust present and erroneous measurements of crude protein could 
have resulted. 
Seed samples were classified according to species type for four traits, 
spikelet separation, hairiness, awn type, and seed color. Classification 
of these traits and also the shattering trait were: 
Trait Species Classification 
A. sati va A» steri1i s 
Spikelet separation Fracture Abscission 
Hairiness No hair Hairy lemma 
Awn type Straight or none Jointed 
Seed color Yellow Black, gray or brown 
Shattering Non-shattering Shattering 
Shattering is not a trait exclusive to A. s ter il is lines, but all genotypes 
which had abscission type spikelet separation also shattered, so all 
shattering types were classified as A. sterilis. 
Since error variation is high for yield, I planted 5 replicates for 
yield determination, but data on plant and seed traits were combined to 
form experiments with two replicates instead of five. Replicates 1 and 2 
and 4, and 5 were combined to form I and II, respectively, as new 
repli cates. 
Because of limited seed supply of some lines a sample of only 10 
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primary kernels was taken from each entry of the two replications for 
nitrogen analysis. Kernels were dehulled and each 10-groat sample weighed 
and analyzed for crude protein. Hutchinson and Martin (1955) suggested 
using dehulled kernels for nitrogen analyses because they contain approxi­
mately 95 percent of the whole grain nitrogen, and differing amounts of 
husk often masked actual kernel nitrogen content. Samples from greenhouse 
grown hills were also dehulled, weighed, and analyzed for crude protein. 
This, however, was not a replicated trial. 
Protein Analyses 
A micro-Kjeldahl method, slightly modified from the procedure given 
by Perrin (1953), was used to determine nitrogen content of the oat straw 
and grain. Straw was ground before sampling for analysis but grain samples 
were not. All material was oven dried and analysis proceeded as follows: 
ao Approximately 100 mg of plant material were weighed to nearest 
0.1 mg and placed in a 30 ml digestion flask. 
b. Sample was digested in 3 ml concentrated H2So2^ in the presence of 
a small amount of catalyst, made up of 100 gm K2S0j^: 10 gm CuSO^ • 
5 HgO: 1 gm Se, until it was clear and colorless. 
c. Sample was transferred to distillation apparatus, 17-5 ml 10^ NaOH 
was added, and 30 ml liquid was steam distilled into 10 ml of 
boric acid solution containing a mixture of methyl red and brom 
cresol green indicators. 
d. The distillate was titrated from green to a pink end point 
(circa pH = 5 - 6) with 0.01 HCl. 
Percent nitrogen was calculated using the following formula: 
14 
(ml HC1 ) (N HCI ) (mol. wt. nitrogen) 
7o N = X 100 
(mg sample) 
I multiplied percent nitrogen by 6.25 to get percent crude protein. 
Complete amino acid analyses were run on grain samples of twenty 
genotypes: fifteen segregates from cross X934A selected at approximately 
equal intervals throughout the whole range of protein percentage in the 
cross; one line from cross X938A, which had the highest crude protein content 
of all segregates; Garland and O'Brien, the two A. sativa parents, and; 
8429 and 6430, two A. steri1is parents. Preparation of the grain samples 
for amino acid analyses was as follows: 
a. Approximately 500 mg of oven dried, ground grain were weighed 
to nearest 0.1 mg. 
b. Sample was placed in 12.5 ml 6 N HCI and hydrolyzed at 100°C 
for 24 hours in a nitrogen atmosphere. 
c. Digested sample was filtered to remove solid materials. 
d. One ml of filtrate was adjusted to pH 2 with 5 JN NaOH and brought 
to a volume of 50 ml with citric acid buffer. 
A 1 ml aliquot of the adjusted filtrate was used for analysis in a Technicon 
Auto Analyzer amino acid analyzer. Norleucine, an amino acid not found in 
proteins, was used as the internal standard to measure percent recovery. 
Of some 20 amino acids commonly found in plant protein 17 were measured. 
Two of the three not measured, asparagine and glutamine, are amides of as-
partic acid and glutamic acid, respectively, and cannot be distinguished 
from the acids in this analysis. The third, tryptophan, was destroyed by 
the acid hydrolysis. 
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Statistical Procedures 
Each experiment was a two-replicate randomized complete block. Analyses 
of variance were calculated for height, heading date, 10-groat weight, 
kernel crude protein percentage, and straw crude protein percentage. Straw 
protein percentages were transformed before performing statistical analyses 
by taking square roots to normalize the distribution of percentage values 
(steel and Torrie, I96O). All of the straw protein percentages found in 
this study fell within the range of 0 to 20. 
Genotypic and phenotypic correlations were calculated for all combina­
tions of the five traits in each experiment using the following formulas: 
and 
Tg = Gov nT(Var g^) (Var g^) 
""ph ^ P^xy/ ^(Var ph^) (Var ph^) 
where x and y represent a pair of traits and g and ph are genetic and 
phenotypic components, respectively» Correlation coefficients for each 
pair of traits were pooled over all ten experiments. The r^j^ values were 
transformed to Z/s, weighted, averaged, and transformed back to r's. 
Transformation to Z was done with the following formula (Snedecor, 1956): 
Z = JiLogg (1 + r) - Log^ (i - r)] 
r^ values were simply weighted and averaged. 
In each experiment two estimates of the heritability of height, 
heading date, 10-groat weight, kernel protein and straw protein were 
calculated using components of variance: 
2 
H % (per plot) J  =2 X 100 
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and 2 
H % (per experiment) = 5 5— x 100 
2 2 
where and equal genetic and error variances, respectively and r 
equals the number of replications. Since 10-groat weight and kernel protein 
of segregates were measured in both and generations, offspring-parent 
regression was calculated to obtain a third measure of heritability of 
these two trai ts. 
t-tests were used to test differences between mean kernel protein 
percentage of ^ steri1i s and ^ sativa types for each of the five traits 
classified (spikelet separation, hairiness, awn type, seed color, and 
shattering). All segregates in experiments 90 and 96 had non-hairy, yellow 
seed, thus only three traits were tested for species differences in protein 
percentages. Values from both replications in each experiment were used in 
the t-test analyses, not just mean values for each line. 
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RESULTS 
While coefficients of variation (CV) for heading date, plant height, 
straw protein, and kernel protein varied among experiments (I.e., ranges 
of 4 to 7 percent, 3 to 5 percent, 5 to 9 percent, and 4 to 8 percent for 
heading date, plant height, straw protein, and kernel protein, respec­
tively), they were quite satisfactory (Table 2). The CVs for square 
roots of percentage straw protein (hereafter designated \/sP%) and kernel 
protein percentages (means of 7 and 6 percent, respectively) suggest a 
reasonable level of precision for the protein analyses. Since seed 
supply is often limiting in early generations, the precision I found 
for chemical analysis procedures using small samples (approximately 100 
mg plant material) is important and assuring» 
CV s for lO-groat weight were higher and more variable among experi­
ments (i.e», 7 to 14 percent) than for the other four traits. Probably, 
small sample size was responsible. By using only dehulled, primary 
kernels, CV s for lO-groat weight were probably minimized, however. if 
my samples had included primary, secondary, and tertiary kernels, which 
differ materially in weight (Atkins, 1943), undoubtedly the CV s would 
have been larger for this trait. 
Inheritance of Kernel 
Protein Percentage and Other Traits 
Mean squares from the analyses of variance for heading date, plant 
height, 10-groat weight, kernel protein, and straw protein are shown in 
Tables 3-7* The partitions of entries sums of squares were different for 
experiments 90 and 96 (Tables 3 and 6) than for the remaining eight be­
cause no data could be collected from the A.* ster i 11 s parent,8426, for these 
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Table 2. Coefficients of variation for heading date, height, 10-groat 
weight, vSP%, and kernel protein percentage measured in experi­
ments 90-99 
Trait 
Heading Plant 10-groat Straw Kernel 
Experiment Date Height Weight Protein Protein 
(cm) (eg) (\/%) (%) 
90 5 3 10 8 6 
91 4 5 9 6 8 
92 6 3 9 7 6 
93 7 3 11 6 6 
94 4 3 7 9 6 
95 5 4 14 7 7 
96 5 3 14 9 4 
97 6 3 9 8 7 
98 7 4 10 8 6 
99 4 3 10 5 7 
Mean 5 3 10 7 6 
Table 3. Mean squares from analyses of variance for heading date, height, lO-groat weight, kernel 
protein percentage, and vSP% from experiments 90 and 9I 



















Blocks 1 I0.2*b 38.2 27.28** 8.04* 0.0364 
Entries 43 53.8** 205.0** 10.61** 3.75** 0.0586** 
Segregates vs homozygotes 1 399.4** 3703.1** 5.49 11.04''-"- 0.0239 
Among homozygotes 4 4.4* 72.9** 3.40 6.23** 0.0641 
Among segregates 38 50.0** 126. 8vov 11 .51** 3.29** 0.0589* 
Error 43 1.6 10.1 3.67 1.32 0.0303 
Blocks 1 7.9* 1.2 68.94** 0.22 0.0064 
Entries 42 122.7** 107.8** 13.41** 5.81** 0.1502** 
Checks vs genetic 
material 1 192.7** 235.7** 26.12** 25.44** 0.1063* 
Parents vs segregates 1 144.1** 417.3** 28.50** 2.52 0.4821** 
Among parents 1 400.0** 64.0 81.00** 7.56 0.6806** 
Among checks 3 3.0 96.8"-v 27.67** 0.96 0.0112 
Among segregates 36 122.4** 97.8** 9.57** 5.71** 0.1389** 
Error 42 1.2 19.9 2.72 2.48 O.OiSj 
^Experiment number 
and VfsV denote that F-ratios exceed 5 and 1 percent levels of probability, respectively 
Table 4. Mean squares from analyses of variance for heading date, height, 10-groat weight, kernel 
protein percentage, and vSP% from experiments 92 and 93 
Trait Mean Squares 
Source of Degrees of Heading Plant 10-groat Kernel Straw 








92* Blocks 1 0.7 6 0.6* 1.64 5.65 0.0069 
Entries 43 35.8** 105.9** 15.73** 4.21** 0.0424** 
Checks vs genetic 
material 1 4.6 103.6** 18.71* 38.64'Wf 0.1221* 
Parents vs segregates 1 17.7** 29.6 32.72** 0.03 0.0012 
Among parents 1 9.0* 42.3* 81.00** 22.56** 0.2970** 
Among checks 3 2.8 33.1* 17.12* 1.48 0.0167 
Among segregates 37 40.5** 115.7** 13.32** 3.12* 0.0366* 
Error 43 1.5 10.1 3.42 1.71 0.0199 
93 Blocks 1 0.2 52.7* 9.84 0.15 0.0063 
Entries 51 55.4** 88.4** 14.82** 5.30** 0.0717** 
Checks vs genetic 
material 1 59.3** 1034.0** 26.55* 67.57** 0.1325** 
Parents vs segregates 1 81.4** 4.9 48.13** 7.47* 0.0144 
Among parents 1 144.0** 0.3 20.25 25.50** 0.1683'W> 
Among checks 3 4.5 41.7* 6.83 5.06 0.0234 
Among segregates 45 56.2** 74.3** 14.23** 3.43* 0.0727** 
Error 51 2.8 12.5 5.33 1.76 0.0183 
^Experiment number 
and VoV denote that F-ratios exceed 5 and 1 percent levels of probability, respectively 
Table 5. Mean squares from analyses of variance for heading date, height, 10-groat weight, kernel 
protein percentage, and n/spX from experiments 94 and 95 



















94= Blocks 1 4.0 . ll7.6vcY 0.88 5.50 0.0031 
Entries 35 78.7** I60.5*:'f I7.34V0V 4.37** 0.1675** 
Checks vs genetic 
material 1 121.1** 1119.4Yf* 36.00** 32.64** 0.1743 
Parents vs segregates 1 194.4** 918.5** 129.07** 2.04 1.1413** 
Among parents 1 441.0** 4.0 72.25** 6.25 2.0736** 
Among checks 3 2.5 38.1* 4.33 1.53 0.0245 
Among segregates 29 68.7'"' 119.4V.-* 12 .30** 3.71* 0.0827* 
Error 35 1.1 12.5 2.86 1.65 0.0463 
95 Blocks 1 21.6** 11.4 0.01 0.19 0.4979** 
Entries 36 76.1** 131.3:Wf 21. OOVoV 8.43** 0.2104vov 
Checks vs genetic 
material 1 213.8** 1078.7*t'f 10.81 94.63** 0.5445** 
Parents vs segregates 1 161.1** 1310.8** l85.82*Vf 14.31* 0.8623** 
Among parents 1 441.0** 484.0** 121. OOVnV 47.61** 1.9600** 
Among checks 3 7.5** 36.5 2.13 1.60 0.0119 
Among segregates 30 63.4** 58.2** 14.40 4.74* 0.1391** 
Error 36 1.4 17.2 8.61 2.40 0.0289 
^Experiment number 
and 'Wf denote that F-ratlos exceed 5 and 1 percent levels of probability, respectively 
Table 6. Mean squares from analyses of variance for heading date, height, 10-groat weight, kernel 
protein percentage, and vSP% from experiments 96 and 97 
Trait Mean Squares 
Source of Degrees of Heading Plant 10-groat Kernel Straw 
Variation Freedom Date Height Weight Protein Protein 
(cm) (eg) (%) (^/%) 
Blocks 1 3.0 . 38.0 3.90 0.01 0.0239 
Entries 36 95.2** 175.5** 15 .92** 5.88** 0.2531** 
Segregates vs homozygotes I 671.2** 3076.1** 1.34 69.80** 0.9554** 
Among homozygotes 4 4.7 29.5* 5.15 3.90** 0.0322 
Among segregates 31 88,3** 100.8** 17.7&'r* 4.08** 0.2589^'f* 
Error 36 1.8 10.3 7.04 0.78 0.0395 
Blocks 1 2.3 67.2** 56.98** 0.01 0.0203 
Entries 42 74.3** 125.2** 14.58** 6.16** 0.0932** 
Checks vs genetic 
material 1 1.2 45.0* 115.54** 73.81** 0.1470* 
Parents vs segregates 1 5.6 132.9** 8.08 1.06 0.0151 
Among parents 1 16,0'wV 4.0 81.00** 20.70** 0.1406* 
Among checks 3 4.5* 65.5** 15.12** 1.33 0.0200 
Among segregates 36 85.7** 135.5** 10.07** 4.42** 0.0987** 
Error 42 1.4 8.5 2.50 1.92 0.0226 
^Experiment number 
and «nV denote that F-ratios exceed 5 and 1 percent levels of probability, respectively 
Table 7. Mean squares from analyses of variance for heading date, height, 10-groat weight, kernel 
protein percentage, and vSP% from experiments 98 and 99 
Trait  Mean Squares 
Source of Degrees of Heading Plant 10-groat Kernel Straw 
Variation Freedom Date Height Weight Protein Prpteln 
(cm) (eg) (%) (v%) 
Blocks 1 0.6 .  249.4** 0.44 4.08 0.4886** 
Entries 40 61 .4Yn'f  139.1** 16.56** 6.04** 0.1802** 
Checks vs genetic 
material  1 109.4** 1190.4** 0.14 66.60** 0.4911** 
Parents vs segregates 1 213.6** 854.6** 100.91** 0.15 0.9508** 
Among parents 1 441.0** 0.0 110.25** 1.21 2.6244vr>v 
Among checks 3 6.0 66.8** 11.67 1.92 0.0278 
Among segregates 34 49.2** 97.6** 12.25** 4.94** 0.0899** 
Error 40 2.3 15.0 4.23 1.86 0.0342 
Blocks 1 1.3 204.8** 2.11 3.08 0.0980* 
Entries 39 109.9** 157.5** 23.74** 9.27** 0.2684** 
Checks vs genetic 
materlal  1 162.4** 568. 0.74 66.34** 0.1101** 
Parents vs segregates 1 185.9** l870.2)Wf 226.04vov 15.29** 1.4377** 
Among parents 1 462.3** 225.0** 110.25** 102.01** 2.1462** 
Among checks 3 4.1* 35.1* 10.44 1.51 0.0434* 
Among segregates 33 104.9** 102.3** 16.89** 5.26** 0.2014** 
Error 39 1 . 1  9.1 4.90 2.01 0.0136 
^kvperlment number 
and denote that F-ratlos exceed 5 and 1 percent levels of probability, respectively 
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two since it was destroyed by army worms. With the partitions of entries 
sums of squares, the sources, homozygotes, segregates, and genetic material, 
refer to parents plus checks, Fg-derived lines, and parents plus F^-derived 
lines, respectively. 
Forty-nine of the 50 analyses showed significant variation among segre­
gate means: the exception was for 10-groat weight in experiment 95 
(Table 5), an experiment with an abnormally high error term for this trait. 
Thus, generally speaking, genetic variability was present among segregates 
for all traits in these interspecific crosses, so selection should be 
effective in them. 
The A. steri1is parent had a significantly greater straw protein 
content than did the A. sativa parent in all eight experiments where both 
parents were measured (Tables 3"7 and 12). Whereas O'Brien and Garland had 
about 4.0 percent straw protein (i.e., 3.7 to 4.6 and 3.7 to 4.1, respective­
ly), the A. sterilis lines ranged from 5«7 percent for 6429 to 12.7 percent 
for 8433 (Table 8). For comparison, timothy hay harvested at full bloom 
has 8.0 percent crude protein and alfalfa forage at full bloom has 17.0 
percent. Mature timothy and alfalfa have 5.8 and 12.0 percent crude 
protein, respectively (NAS-NRC, 1958). 
The four A. steri lis cultivars, 6428, 6430, 6433, and 8434 were from 
2 to 3 weeks later in heading date than were O'Brien and Garland, but 
8429 was four days earlier than the A. sativa cultivars (Table 8). The 
plant height of ^ steri1is cultivars ranged from 80 cm for 8434 to 108 
cm for 6430. Garland, 6428, 6429, and 6433 were intermediate in height, 
i.e., between 90-95 cm. Even though Garland, 8429, and 8433 had similar 
plant heights, apparently they had different genotypes for this trait since 
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Table 8. Heading dates, plant heights, 10-groat weights, straw protein 
and grain protein for oat cultîvars used in crosses 
Parent Heading Plant 10-groat Straw Grain 
Cultivar Date Height Weight Protein Protein 
(cm). (eg) (%) 
O'Brien 23 101 21 4.1 20.0 
Garland 23 95 21 3.9 19.0 
6428 43 90 12 8.8 21.0 
6429 19 93 12 5.7 23.3 
6430 35 108 17 6.1 25.6 
6433 43 95 11 12.7 22.1 
6434 44 80 9 11.9 28.0 
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there was significant variation among segregates from the crosses Garland 
X BkZS and Garland x B^33« 
The plant heights of 6428, B433, and 8434 in experiments 91, 94, 95, 
98, and 99 (Tables 8 and 10) may be underestimates of their true genetic 
potential. Extreme heat during the first two weeks in July may have 
hastened the late A. steri1 is plants from vegetative growth to heading 
before they could fully elongate. Such an effect could have caused a 
downward bias in the midparent values, which may account for the situation 
in experiments 95 and 99 where no segregate was as short as the midparent. 
O'Brien and Garland had heavier 10-groat weights than did the A. 
steri1is cultivars (Table 8). B430 had a heavier 10-groat weight (17 eg) 
than the other A. sterilis parents (9 to 12 eg) and was not significantly 
different from O'Brien in experiment 93 (Table 4). All A. sterilis 
cultivars had somewhat higher kernel protein percentages than O'Brien and 
Garland (Table 8), and B429, B430, and B434 had significantly greater kernel 
protein percentages than the corresponding A. sati va parent in experiments 
92, 93, 95, 97, and 99 (Tables 4-7 and 13). 
The "parents vs segregates" mean square (Tables 3-7) measures whether 
the mean of all segregates from a cross and the midparent value differ. 
Whenever the A. steri 1 is parent in a cross was late in date of heading 
(experiments 91, 93, 94, 95, 98, and 99), the mean heading date for the 
segregates was significantly earlier than the midparent value (Tables 9, 
3-5, and 7}« Thus, the segregates tended to be more like the A. sativa 
parent in heading date even though there was a large range for heading 
date i n each cross. 
There could be several phenomena operating to explain this nearly 
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universal earliness of the population means. A genetic explanation could 
be provided if a relatively few loci, e.g., 3, were acting in a duplicate 
manner to control heading date. If the A. sat!va parent had homozygous 
dominant genes at these loci and the A. steri1i s parent was recessive, the 
ratio of early to late segregates in the Fg generation would be 63 : 1, but 
by carrying this population to generation infinity eight homozygous classes 
of equal size would result (i.e., AABBCC, AABBcc, etc.), and of these, 
seven would be early heading and one would be late. The result would be 
the mean of the segregates would be nearer the A^ sativa parent than to the 
A. sterilis parent in any segregating generation. My materials were Fg-
derived lines tested in the F^ generation, so the degree of homozygosity 
expected at a given segregating locus was 87-5 percent. 
Secondly, it is possible that the method I used to score heading 
date could have biased my ratings for heterogeneous plots toward earliness. 
If, for example, a plot contained plants one half of which headed two 
weeks earlier than the other half, the heading date would have been 
recorded as the date when the early plants headed, since ! recorded date 
of heading when 50 percent of the panicles were completely emerged, but 
the true heading date mean for the plot should have been one week later. 
In crosses where the early heading A. sterilis line 8429 was a parent 
there was obvious segregation for heading but the means for all categories 
in an experiment were similar. For example, in experiment 92 the midparent 
and segregate means were June 21 and 23, respectively, and in experiment 
97, the comparable values were 21 and 20, respectively. In experiments 
94 and 95, the heading date ranges of the segregates were not great enough 
to Include the heading dates of the respective late parent lines. This 
Table 9. Frequency distributions and means of segregates and parental and mldparental values for 
heading date from experiments 90-99 
fl^^rval Experiment Number 
In Days 90 91 92 93 94 95 96 97 98 99 
45-47 1 1 1 
42-44 1 B B B 2 1 B 2 B 
39-41 2 2 2 2 1 0 0 
36-38 4 1 I 3 0 2 1 0 1 
33-35 2 5 M 1 4 B 4 M 4 M 5 3 2 M 0 M 
30-32 8 3 3 6 0 2 7 X 1 4 4 
27-29 7 X® 5 X 3 3 M 1 7 X 5 3 2 7 
24-26 13 2 9 11 X 5 X 7 4 3 11 X 3 X 
21-23 2 0 5 0 7 0-,M,X 9 0 14 0 6 0 3 G 6 G,M 12 G 10 G 





15-17 2 8 
0, G, B, and M denote segregate mean, O'Brien parent. Garland parent, A. sterllls parent, and 
midparent values, respectively 
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may have resulted because an insufficient number of lines was tested. 
Distributions of F^-derived line heading dates were very different 
among crosses (Table 9). In experiments 90 through 95 where O'Brien was 
a common parent there were variable ranges for this trait. In experiment 
91, there was a broad distribution with the largest concentration of segre­
gates in the earliest class, and in 93 the range of heading dates was 
narrower, but the largest concentration of lines was still near the middle 
and early end of the distribution. In crosses where Garland was the A. 
sativa parent (experiments $6 through 99), differences in distributions 
were also found. The ranges generally were wider for these crosses than 
for the O'Brien crosses, but for the latter three there was a concentration 
of lines in the early classes. Certainly, the frequency distributions 
for heading dates for all crosses with the possible exception of experiment 
96 (Garland x B426) would support the genetic explanation that heading 
date in the crosses was conditioned by few segregating loci, with the 
genes acting in a duplicate manner and the alleles for earliness being 
epistatic to those for lateness. 
In each experiment the mean plant height for segregates was at least 
as great as the tall parent (Table 10) and in six of eight experiments 
where both parents were measured (except for 92 and 93) the midparent value 
and the segregate mean differed significantly. Ranges of segregates 
varied from narrow, e.g., 100 to 119 cm for experiment 95, to wide, e.g., 
105 to 137 cm for experiment 90. Even when the ranges were of similar 
magnitude the distributions at times were at different levels (i.e., 
experiment 90 had a range of 32 cm from 105 to 137 and 97 had a range of 
34 cm from 80 to 114 cm). Plant height of O'Brien ranged from 97 to 107 
Table 10. Frequency distributions and means of segregates and parental and midparental values 
for plant height from experiments 90-99 
CI ass 
Interval 
in ch 90 91 92 
Experiment Number 
93 94 95 96 97 98 99 
135-139 1 
130-134 1 
125-129 9 2 3 1 
120-124 3 2 3 5 1 2 
115-119 13 2 1 6 7 6 10 X 8 8 
110-114 5 7 3 16 7 X 10 9 4 10 X 8 
105-109 7 12 X 4 10 8,0, 
M,X 
4 9 X 2 4 9 6 X 
100-104 0 8 11 0,X 10 6 6 0 2 13 4 7 
95-99 5 0 9 M 2 1 8,0, 
M 
1 G 5 X 2 B,G, 
M 
3 G 
90-94 2 B,M 5 B M 5 B,G, 
M 
85-89 1 5 4 M 
80-84 B 2 8 
®X, 0, G, B, and M denote segregate mean, O'Brien parent. Garland parent, A. sterllis parent, and 
midparent values, respectively 
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cm în experiments 90 through 95. This range of variation for O'Brien may 
have some genetic determination since O'Brien lines used in the different 
experiments were progenies from individual plants, and thus any genetic 
heterogeneity in O'Brien could have contributed to the mean variability 
among experiments. Garland parents showed much less variation with a 
range from 9^ to 98 cm in four experiments. 
in general J the frequency distributions of plant heights in the 10 
experiments are reasonably symmetrical. Possible exceptions are experi­
ments 91 and 97 which may show skewness toward shortness. The frequency 
distributions would suggest additive gene action for the loci conditioning 
plant height in my oat crosses. However, the many significant differences 
between the segregate mean and midparent value would argue against this 
genetic explanation. As with heading date, it is possible that plant 
height measurements could have been biased upward for heterogeneous lines 
because of an unconscious tendency for readings on plots to be based on 
the taller culms. If such a bias was consistent, it would tend to have a 
marked effect on the segregate mean but not so marked on the frequency distri­
bution. Therefore, the additive gene action explanation for plant height 
determination may be correct» 
In seven of eight experiments where both parents were measured (except 
for 97), the F^-derived line mean for 10-groat weight was significantly 
larger than the midparent value. Likely, the midparent values were biased 
in crosses where the A. sterllis lines, b428, B433, and B434 were parents, 
because these lines were extremely late In heading, and with the extreme 
heat Iowa experienced In July, the kernels of late lines did not completely 
fill, resulting in low 10-groat weights. The frequency distributions for 
Table 11. Frequency distributions and means of segregates and parental and midparental values for 
10-groat weight from experiments 90-99 
Class 
Interval 
In eg 90 91 92 
Experiment Number 
93 94 95 96 97 98 99 
29-30 1 
27-28 4 0 1 1 1 
25-26 3 1 2 8 3 3 1 0 3 5 
23-24 3 2 2 10 6 6 7 0 11 12 
21-22 14 7 0 5 0 12 0,X 10 X 10 X 6 1 G 9 G,X 5 X 
19-20 11 0,X* 10 X 12 X 9 M 6 0 10 0 11 G,X 12 6 7 G 







15-16 4 5 M 3 M M M 0 5 1 M 1 
13-14 1 2 M 
11-12 B B B B B 
9-10 B B 
^ X ,  O j  G ,  B, and M denote segregate mean, O'Brien parent, Garland parent, A. sterilis parent, 
and mid parent values, respectively 
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10-groat weights in experiments $0^ 93, 94, and SS are quite symmetrical, 
whereas those for experiments 91, 92, 95, and 97 show a preponderance of 
light weight lines and experiments 98 and 99 show a slight preponderance 
of heavy lines. Apparently, the type of gene action involved in determina­
tion of 10-groat weight in my study was dependent upon the parents crossed. 
Three O'Brien crosses (experiments 90, 93, and 9^) gave symmetrical 
frequency distributions suggesting additive gene action, but three other 
O'Brien crosses (experiments 91, 92, and 95)suggested duplicate epistatic 
gene action for light 10-groat weight. Similarly for Garland crosses, the 
frequency distribution of 10-groat weight in experiment SS suggested 
additive gene action determination, whereas experiment 97 suggests duplicate 
epistatic gene action for low groat weight and experiment 98 and 99 suggest 
similar gene action but for high 10-groat weight; 
The means of \/sP%' s for segregates were significantly lower than the 
midparent values in experiments 91, 9^, 95, 98 and 99 (Tables 3-7 and 12), 
all crosses in which late heading A. sterilis lines 8428, 8433, and 8434 
were involved as parents. Midparent values and segregate means did not 
differ in experiments 92, 93, and 97 where earlier maturing A. sterilis 
lines 6429 and 6430 were parents. As found for heading date, plant height, 
and 10-groat weight, the ranges and distributions for nTsP %'s varied 
among experiments (Table 12). 
Frequency distributions for \/sP%' s were reasonably symmetrical for 
experiments 90, 91, 92, 93, 95, and 97. The frequency distributions were 
nearly symmetrical in experiment 96, except for the two segregates in the 
3.20-3.39 class and in experiment 99, except for three segregates (two 
in the 2.80-2.99 class and one in the 3.20-3.39 class). All of these 
Table 12. Frequency distributions and means of segregates and parental and mldparental values 
for vSP% from experiments 90-99 
Class Interval 
Square root of 
Percentages 
i n 
90 91 92 
Experiment Number 
93 94 95 96 97 98 99 
3.40-3.59 B B B B 
3.20-3.39 2 1 
3.00-3.19 0 0 
2.80-2.99 1 B M 1 1 2 
2.60-2.79 1 3 2 2 4 M 4 1 1 M 0 M 
2.40-2.59 5 3 M 2 B 7 B 5 6 5 3 5 0 
2.20-2.39 15 10 18 M,X 12 M,X 11 X 11 X 9 X 10 B 12 X 5 
2.00-2.19 13 11 0,X 16 17 0 11 0 4 0 6 G 12 M,X 13 13 X 
1.80-1.99 5 0 8 2 0 8 1 5 5 10 G 3 G Il G 
I.60-1.79 1 1 1 2 
^X, 0, G, B, and M denote segregate mean, O'Brien parent, Garland parent, A. sterilis parent, 
and midparent values, respectively 
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segregates had late heading dates (July 14 or later). There was a slight 
preponderance of low protein lines in experiments 94 and 98. The frequency 
distributions for s suggested mainly additive gene action for 
loci controlling this trait, except in experiments 94 and 98 where the 
distributions indicated duplicate epistatic gene action for low straw 
protein. Also, the similarity between means and midparent values in 
experiments 92, 93, and 97 where the earlier maturing A. sterilis lines 
(6429 and 6430) were parents supports the additive-gene-action hypothesis. 
Ranges were nearly identical (between 18 and 25 percent) for kernel 
protein percentage in all experiments where Garland was the A. sativa 
parent, i.e., experiments 96 through 99 (Table 13). Segregate means for 
these four experiments were all similar ranging from 20.9 percent in 
experiment 99 to 21.8 percent in experiment SS. 0'6rien crosses (experi­
ments 90 through 95)showed widely differing ranges and distributions, 
but segregate means ranged only from 20.4 percent in experiment 91 to 22.6 
percent in experiment 95. 
Frequency distributions for kernel protein percentages were fairly 
symmetrical for experiments 90, 91, 92, 96, and 98, suggesting additive 
gene action for the loci controlling this trait. Experiment 94 also had 
a nearly symmetrical frequency distribution except for the one segregate 
in the 26.1-27.0 class. Experiments 93, 95, 97, and 99, however, did show 
a preponderance of low protein percentage segregates, which suggested 
duplicate epistatic gene action for low kernel protein percentage in these 
crosses. The fact that the midparent values were significantly higher 
than segregate means in experiments 93, 95, and 99 further supports dupli­
cate epistatic gene action in these experiments. Possibly, the type of 
Table 13. Frequency distributions and means of segregates and parental and midparental values 
for kernel protein percentage from experiments 90-99 
Class 
1ntervai 
in Percentages 90 91 92 
Experiment Number 
93 94 95 96 97 98 99 
27.1-28.0 1 8 B 
26.1-27.0 1 0 
25.1-26.0 B 0 0 
24.1-25.0 1 2 3 0 5 M 3 2 3 1 
23.1-24.0 0 1 3 8 4 M 2 4 1 2 B 2 2 
22.1-23.0 3 1 3 13 6 B 8 X 11 10 2 B 6 M 
21.1-22.0 12 0^ 9 9 10 X 9 X 9 0 9 X 8 X 13 M,X 6 
20.1-21.0 13 X 10 B,X 13 M,X 11 0 8 M 4 3 7 M 8 G 7 X 
19.1-20.0 5 6 M 8 5 3 0 4 8 6 5 
18.1-19.0 4 6 0 2 0 1 1 G G 1 6 
17.1-18.0 1 1 G 
16.1-17.0 1 
0, G, B, and M denote segregate mean, O'Brien parent, Garland parent, ^ sterl11 s parent, 
and midparent values, respectively 
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gene action involved was dependent on the level of protein content of the 
A. steri1i s parent. The two high protein lines, 843 0 (25.6 percent) and 
8434 (28.0 percent), were the A. sterilis parents in experiments 93 (0'8rien 
X 8430), 95 (0'8rien x 8434), and 99 (Garland x 8434), where duplicate gene 
action was indicated. 
Kernel protein percentages of 0'8rien and Garland parents ranged 
from 18.3 to 22.0 percent and 17» 9 to 21.0 percent, respectively, so there 
may have been some genetic variation for kernel protein percentage in the 
original O'Brien and Garland cultivars. Of course, any genetic hetero­
geneity in the parents could have contributed to variability among experi­
ments for kernel protein percentage. 
Correlations Between the Five Traits  
Kernel protein percentage was not consistently correlated with 
heading date, 10-groat weight, orxTsP^ in this study (Table 14) or in 
previous ones (8rown et al., I966 and Dent, 1957). In experiment 96 
kernel protein percentage and v/"sP% were positively correlated and both 
were correlated with heading date. Since the mean heading date for 
segregates in this experiment (July 1) was later than for any other experi­
ment, it is possible that, as Ashton (1938) hypothesized, the late lines 
did not fully mature, resulting in higher protein percentages in both grain 
and straw. 
Plant height was negatively correlated with kernel protein in 
experiments 91, 92, and 94, but the pooled correlation coefficients for 
these two traits (r . = -0.15 and r = -0.18) show that the association ph g 
was generally low. However, in crosses where the negative correlation 
did exist, the breeder could benefit in that high protein percentage types 
Table 14. Phenotypic ) and genotypic (r^) correlation coefficients for experiments 90-99 between 
all possible pairs of the following traits: kernel protein percentage , Vsp%, lO-groat 
weight, heading date, and plant height 
Kernel Protein Kernel Protein Kernel Protein Kernel Protein sTstraw Protei  n 
with Heading with Plant with lO-groat with with Heading 
Date Height Weight Vstraw Protein Date 
Experiment 
'ph r g '•ph r g '"ph r g ''ph r g '"ph r g 
90 -0.01 -0.02 -0.15 -0.27 -0.35*' ' - 0.53 0.11 0.32 0.38** 0.68 
91 0.08 0.10 -0.36** -0.61 -0.08 -0.48 0.11 -0.10 0.79** 0.90 
92 -0.18 -0.31 -0.41** -0.61 0.16 0.18 -0.05 -0.31 0.47** 0.86 
93 0.07 0.14 0.09 0.05 0.18 0.59 0.07 0.26 0.76** 0.96 




-0.41 -0.23 -0.37 -0.02 -0.39 0.66** 1.10 
95 0.22 0.42 -0.19 0.20 -0.12 0.86 0.22 0.32 0.67** 0.91 
96 0.46**^ 0.57 0.18 0.20 -0.01 0.15 0.43** 0.67 0.79** 0.95 






-0.13 0.04 0.23 0.37 0.07 0.29 0.67** 1.02 
99 0.00 -0.01 -0.12 -0.28 -0.08 -0.20 0.15 0.30 0.80** 0.86 
Pooled^ 0.03 0.04 -0.15 -0.18 -0.01 0.07 0.10 0.10 0.69 0.91 
^Pooled phenotypic correlations were obtained by transforming r's to Z values and taking a weighted 
average (Snedecor, 1956). Genotypic correlations were simply weighted and averaged 
and Vf-A' denote that correlation coefficients exceed 5 and 1 percent levels of probability, 
respect 1vely 
Table \k. Continued 
•/straw Protein Vstraw Protein 10-groat Weight 10-groat Weight Heading Date 
with Plant with 10-groat with Heading with Plant with Plant 
Height Weight Date Height Height 
Experiment 
*"ph r g 'ph "^9 •"ph *^9 'ph 
r 
9 'ph "^9 






0.35 0.44** 0.47 
91 0.13 0.26 -0. 18 -0.26 -0.05 -0.08 0.23 0.42 0.37** 0.47 
92 0.12 0.28 -0.10 -0.14 -0.14 -0.16 -0.10 -0.16 0.51** 0.57 




 t -0.29 -0.10 -0.15 0.01 -0.16 0.50** 0.61 
94 
CM O
 0.86 0.13 0.46 0.23 0.28 0.18 0.22 0.54** 0.59 
95 -0.04 0.13 -0.13 -0.20 -0. 1 1 -0.33 0.44** 0.56 0.18 0.23 
96 0.02 0.04 -0.26* -0,52 -0.09 -0.14 0.32** 0.72 0.37** 0.40 
97 0.21 0.30 -0.12 -0.23 0.09 0.14 0.36** 0.66 0.51** 0.57 
98 0.24* 0.37 0.07 0.25 0.23 0.30 0.16 O.ll 0.44Yn'- 0.47 




-0.45 0.19 0.33 0.39** 0.41 
Pooled^ 0.14 0.25 -0.09 -0.10 0.01 -0.01 0.20 0.28 0.43 0.49 
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tended to be shorter. 
Plant height was positively correlated with 10-groat weight in 
experiments 90, 95, 96, and 97, but the pooled correlation was only 0.20 
showing the overall association between these two traits was weak. Plant 
height and\/sP% were positively correlated in experiments 93, 94, and 38 
probably because of a common association with heading date. Pooled correla­
tion coefficients of 10-groat weight with heading date and lO-groat weight 
with n/sP% were low. Plant height and heading date were positively correlated 
in 9 of the 10 experiments, which was expected since later plants have a 
longer period for vegetative growth. 
Heading date and vTsPX were positively correlated in all ten experiments. 
Ashton (1938) had found previously that maturity affected straw protein, 
so 1 computed analyses of covariance to remove the effect of differences in 
heading dates from \/sP%' s (Table 15). Error variance remained nearly 
unchanged for each experiment, but among-segregates variances were reduced 
considerably by the covariance analyses (Table 17). After adjustment for 
heading date, only two experiments, 91 and 99, showed significant variation 
among segregates (Table 15). Prior to my study, no differences had been 
found in straw protein percentages of oat cultivars harvested at comparable 
maturities (Ashton, 1938 and Dent, 1957). 
Heri tabiIi ties 
Pel plot and per-experiment heritability percentages were calculated 
from variance components for heading date, plant height, 10-groat weight, 
kernel protein percentage, and v/sP% (Table 16). Per-plot heritabi1ities 
are useful for characterizing a particular crop since they have a common 
standard basis and therefore, can be compared with per-plot heritabilities 
Table 15. Mean squares for VsP% in experiments 90-99 before and after adjustment for heading 
date by covariance analysis 
Experiment Source of Mean Squares of Mean Squares of Vsp% 
Number Vari  at ion D.F. vSP% Unadjusted D.F. Adjusted for Heading Date 
90 Entries 38 0.0589*^ 38 0.0454 
Error 38 0.0282 37 0.0290 
91 Entries 36 0.1390** 36 0.0416** 
Error 36 0.0184 35 0.0184 
92 Entries 37 0.0366* 37 0.0245 
Error 37 0.0211 36 0.0211 
93 Entries 45 0.0727** 45 0.0215 
Error 45 0.0200 44 0.0177 
94 Entries 29 0.0827* 29 0.0361 
Error 29 0.0456 28 0.0438 
95 Entries 30 0.1391** 30 0.0497 
Error 30 0.0264 29 0.0273 
96 Entries 31 0.2589** 31 0.0706 
Error 31 0.0433 30 0.0445 
97 Entries 36 0.0987** 36 0.0386 
Error 36 0.0257 35 0.0251 
98 Entries 34 0.0899** 34 0.03I8 
Error 34 0.0347 33 0.0345 
99 Entries 33 0.2014** 33 0.0633** 
Error 33 0.0116 32 0.0118 
^-v and Yn'f denote that  F-ratlos exceed 5 and 1 percent levels of probabil i ty,  respectively 
Table 16. Per-plot and per-experiment heritabîlities from variance components for heading date, 
height, 10-groat weight, kernel protein percentage, vSP%, and vSP% after adjustment for 
heading date, and regression heritabi11 ties for 10-groat weight and kernel protein 
percentage 
Method of Experiment Number 
Plant Trait  Estimation 90 91 92 93 94 95 96 97 98 99 Me< 
Heading date Per-plot  93 98 92 89 96 95 96 96 89 98 94 
Per-experiment 96 99 96 94 98 98 98 98 94 99 97 
Plant height Per-plot  84 63 84 70 85 51 80 87 72 86 76 
Per-experiment 91 78 91 82 92 68 89 93 84 92 86 
10-groat weight Per-plot  53 53 62 44 71 21 39 57 45 55 50 
Per-experiment 69 70 77 61 83 34 56 72 62 71 66 
Regression 17 40 43 41 30 34 37 58 32 26 36 
Kernel protein Per-plot  39 39 31 37 40 27 68 35 48 41 41 
Per-experiment 56 56 48 54 58 42 81 52 65 58 57 
Regression 21 28 32 9 31 33 30 25 52 43 30 
Vstraw protein Per-plot  35 77 27 57 29 68 71 59 44 89 56 
Per-experiment 52 87 42 72 45 81 83 74 61 94 69 
v/straw protein Per-plot  22 39 7 10 -10 29 23 21 -4 69 22 
(adjusted for Per-experiment 36 56 14 18 -21 45 37 35 -8 81 32 
heading date) 
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from other studies. Per-experiment heritabi1ities, on the other hand, 
are more useful when working with genetic advance and selection in a 
particular population, but they may not be comparable between studies 
unless the numbers of replicates are comparable also. ! will limit my 
discussion to per-plot heritabi1ities. A third method 1 used to estimate 
heritability percentages for 10-groat weight and kernel protein percentage 
was via regressing on data. 
Heading date and plant height are generally considered to be controlled 
by relatively few genes acting additively with minimal environmental 
influence (Schlehuber et al., I967 and Stuber et al., 1962), and high 
heritabi1ities I found (i.e., 89 to 98 percent for heading date and 51 to 
87 percent for plant height) support this idea. Petr and Frey (1966) 
found heritabilities for heading date and plant height in oats to be 87 
and 6l percent, respectively. The two experiments which had per-plot 
heritabi1ities for plant height lower than 70 percent (i.e., 63 and 51 per­
cent for experiments 91 and 95, respectively) also had high error variances 
(Table 17)- Experiment 95 showed the lowest genetic variance for this trait. 
Heritability percentages of \/sP% unadjusted for heading date were quite 
variable (i.e., 27 to 89 percent), but when adjusted for heading date, 
v/~SP% heri tabi 1 i ties were much lower. The two experiments, 91 and 99, which 
retained significant variability among lines when adjusted for heading date, 
had heritabiIities of 39 and 69 percent, respectively, but the mean of all 
ten experiments (negative values were considered zero) was only 22 percent. 
This shows that there was little genetic variability remaining after removal 
of heading date effects. Experiments 94 and 98, both of which had the same 
A. sterilis parent, 6433, had negative heritability percentages for \/sP% 
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and genotypîc correlations greater than 1.0 between vTsP^ and heading 
date. An overestimation of the error term for \/sP% could have caused 
both negative genetic components and genotypic correlations greater 
than 1.0. 
Per-plot heritability percentages were generally high for 10-
groat weight, with an overall mean of 50, and except for two experi­
ments, number 95 with 21 percent and number 94 with 71 percent, the 
heritabi1ities were quite uniform. This suggests considerable additive 
gene action for the loci controlling this trait. 
The range of kernel protein percentage heritabilities calculated 
from variance components was quite large (i.e., 27 to 68 percent 
on a per-plot basis), however, the extreme high and low values, e.g., 
those for experiments 96 and 95, respectively, were the only two that 
were very different from the mean of 4l percent (Table 16). Experi­
ment 95 had the highest error variance and lowest heritability 
percentage, and experiment 96 had the lowest error variance and highest 
heritability percentage for kernel protein percentage (Tables 16 
and 17). The heritabi1ities suggest that, in general, there was much 
additive gene action. 
Heritability percentages from regressing offspring on parents 
(Table 16) were quite variable for both kernel protein percentage (i.e., 
9 to 52 percent) and 10-groat weight (i.e., 17 to 58 percent). For both 
traits the mean heritability percentages calculated via regression were lower 
than when computed on a per-plot basis via variance components. This is a 
fairly common phenomenon and probably results because the variance component 
Table 17. Genotyplc and error variance for heading date, height, lO-groat weight, kernel protein 
percentage,v/sP%, and vSP% adjusted for heading date in experiments 90-99 
Heading Plant lO-groat Kernel v/straw Protein 











90 24.1 1.8 57.7 11.1 4.0 3.6 0.92 1.45 0.015 0.028 0.008 0.029 
91 60.5 1.4 38.0 21.9 3.3 2.9 1.61 2.49 0.060 0.018 0.012 0.018 
92 19.4 1.7 52.7 10.4 5.1 3.1 0.74 1.63 0.008 0.021 0.002 0.021 
93 26.5 3.2 30.6 13.2 4.4 5.5 0.92 1.60 0.026 0.020 0.002 0.018 
94 33.7 1.2 54.7 9.9 5.1 2.1 1.07 1.57 0.019 0.046 -0.004 0.044 
95 30.9 1.5 19.8 18.6 2.5 9.4 1.00 2.73 0.056 0.026 0.011 0.027 
96 43.1 2.0 44.9 11.0 5.0 7.9 1.65 0.77 0.108 0.043 0.013 0.045 
97 42.0 1.7 63.2 9.1 3.6 2.8 1.14 2.13 0.037 0.026 0.007 0.025 
98 23.2 2.7 40.9 15.7 3.8 4.6 1.61 1.73 0.028 0.035 -0.001 0.035 
99 51.8 1.3 47.2 7.9 6.0 5.0 1.53 2.22 0.095 0.012 0.026 0.012 
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method, which uses statistical estimates from a single experiment or 
environment, gives values that are inflated by genotype x environment 
effects. On the other hand, the regression method uses covariance estimates 
computed across two or more environments and thus, much genotype x environ­
ment effect tends to be eliminated from the genotypic covariances. Geno­
type X environment interactions can occur for protein percentage (Lebsock 
^ 1964; MacKey, 1959; Hutchinson and Martin, 1955) and the environments 
that I used to grow the two generations were very different. The lines 
were grown as non-replicated hills in the greenhouse during fall and winter, 
1968, whereas lines were grown as replicated hills in field experiments 
during summer I969. 
This study and previous ones by Kaul and Sosulski (1965), Stuber et al. 
(1962), and Lofgren _et aj_. (I968) show that neither crosses nor methods of 
estimation within a cross always give consistent heritabi1ities for protein 
percentage. 
Relation of Species Traits to Kernel Protein Percentage 
In each experiment, lines were classified as either A. sativa or A. 
steri1is type for spikelet separation, hairiness, awn type, seed color, and 
shattering. Differences between the mean kernel protein percentages for the 
traits that differentiate the two species types were tested for significance 
via t-tests (i.e., five t values, one for each trait, were computed for 
each experiment). Only three t values were computed for experiments 90 and 
96, both of which had 8426 as the A. sterilis parent, because all F^rderived 
lines were A. sativa type for seed color and hairiness (i.e., yellow seed 
and non-hairy lemma). There was segregation for spikelet separation, awn 
type, and shattering in these two experiments, however, which showed that 
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1 was working with progeny from crosses and not selfs from A. sativa plants. 
In each experiment the mean kernel protein percentage for lines that 
were A. steri1i s type for spikelet separation, awn,seed color, and shattering 
was higher than the mean of A. sati va type lines, but the differences were 
not always significant (Table 18). Lines with abscission type spikelet 
separation had a significantly higher mean protein percentage than fracture 
type lines in all experiments except 92, 94, and 95. There were no signi­
ficant species differences in kernel protein percentage for any of the five 
traits for experiment 32. The only trait in experiment 94 for which there 
was a significant difference was awn type (i.e., jointed awn types had a 
higher protein content). in experiment 95 the only significant protein 
difference was for hairiness. This was the only experiment in which a 
significant species difference for hairiness occurred, and also the only case 
where the A. sativa type lines had a significantly higher protein percentage 
than the ^ steri1is type. 
A. steri1is type awn was closely related to high kernel protein percent­
age, with seven of the ten experiments showing significantly higher protein 
for lines having jointed awns. The three experiments not showing significant 
association between awn type and kernel protein percentage were 92, 95, and 
99. A. steri1i s type seed color and shattering were somewhat related to high 
protein percentage. For each of these traits, four experiments showed 
significantly higher protein percentages for A. sterilis types (i.e., 91, 
97j 98, and 99 for seed color and 91 j 93, 9^, and 99 for shattering) than for 
A. sativa types. Shattering is closely related to spikelet separation type, 
so the association of these traits with high protein percentage may be 
measuring common protein loci. 
Table 18. Mean kernel protein percentages of lines classfled as A. satlva and A. sterllls for 
splkelet separation, hairiness, awn type, seed color, and shattering, and t values testing 
species differences for kernel protein percentage 
Trait 
Species 
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A. satlva type listed 1st and A. sterllls type 2nd for each trait 
^* and 'Wf denote that t values exceed 5 and 1 percent levels or probability, respectively 








Hairiness No Haïr 
Halry Lemma 
t Value 
Awn Type Staight or none 
Jolnted 
t Value 
Seed Color Yellow 





96 97 98 99 
21.4 21.0 20.9 20.5 
22.6 22.3 22.4 21.7 
3.72** 2.97 -'-v 3.09** 2.35" 
21.0 20.9 20.5 
21.5 21.4 21.2 
1.02 1.31 1.47 
21.2 20.5 20.3 20.5 
22.6 21.8 22.2 21.4 
4.08** 3.68** 5.21-'r-v 1 .98 
20.9 20.5 20.2 
22.2 22.3 21.6 
3.17** 4.57** 3.23** 
21.2 21.0 20.9 20.1 
22.5 21.8 21.7 21.6 
3.78** 1.89 1.82 3.45** 
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Apparently^ the extent that species type was related to kernel protein 
percentage was dependent upon the parents crossed. The four Garland crosses 
(96 through 99) were more uniform in degree of association than were the 
O'Brien crosses (90 through 95)° All four Garland crosses showed significant­
ly higher kernel protein percentage for abscission spikelet separation than 
for fracture types, and three of the four crosses had higher kernel protein 
for jointed than for straight awn types. Of the three Garland crosses that 
segregated for hairiness and seed color, none had a significant protein 
content difference associated with presence or absence of hair, but all 
showed a higher protein percentage for dark seed types. O'Brien crosses 
were quite variable in the apparent associations. In experiment 91 signif­
icant species differences in protein percentage occurred for four traits, 
and no differences for protein percentage occurred for any trait in 
experiment 92. The fact that experiments having a common A. sterilis 
parent (i.e., 8426 for $0 and 96, 8429 for 92 and 97j 6433 for 94 and 98, 
and B434 for 95 and 99) show varying degrees of relationships suggests 
that species differences in the kernel protein percentage of the segregates 
were not di ctated by the ^ steri1i s parent. 
Amino Acid Analyses 
Seventeen amino acids were assayed in twenty oat lines, i.e., four 
parent and 16 F^-derived lines. Eight amino acids assayed, glycine, alanine, 
serine, tyrosine, cystine, proline, aspartic acid, and glutamic acid, are 
"nonessential", which means they can be synthesized from simpler compounds 
by humans. The remaining nine, valine, leucine, isol eueine, threonine, 
phenylalanine, methionine, histidine, arginine, and lysine are classed as 
"essential", which means they must be ingested as a part of the human diet. 
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Protein percentages from micro-Kjeldahl analyses did not correspond 
exactly to the sum of the percentages of the seventeen amino acids when 
both categories were expressed on a base of dry matter (Table 19)« There 
was a significant positive correlation between the two estimates (r = 0.56), 
however, if Garland was omitted. The amino acid analysis chart showed a 
large ammonia peak for the Garland sample and the sum of the amino acid 
percentages was greater than the protein percentage from micro-Kjeldahl 
assay, so I concluded an analytical error had been made or the sample was 
contaminated during preparation or analysis: thus, the results were not 
considered accurate. 
The fact that protein percentages estimated by summing amino acid 
percentages were generally lower than those estimated by micro-Kjeldahl 
probably did not result from incomplete hydrolysis of the oat samples in 
preparation for amino acid analyses. My samples produced sharp amino acid 
peaks on the charts and normal pressures in the resin adsorption columns: 
the presence of peptides (from incompletely hydrolyzed proteins) would have 
caused non-specific peaks on the charts and excessive pressures in the resin 
columns. Thus, incomplete or differential hydrolysis among samples could not 
explain different readings obtained from the two analytical methods. A more 
plausible explanation would be differential non-protein nitrogen contents in 
the samples analyzed. The mi cro-Kjeldahl method includes non-protein 
nitrogen, which results from amino acid breakdown and non-protein nitrogen 
compounds (i.e., vitamins, nucleic acids, etc.) whereas the amino acid 
analysis does not. 
Among the F2~derived lines of oats there was a wide range of values 
for each amino acid (expressed on percentage of whole grain). Deyoe and 
Table 19. Seventeen amino acids expressed as a percentage of dry matter for each of 20 oat grain 
samples 
A , Entry Ami no 
Acid X934A-7 -15 -44 -31 -42 -26 -3 -18 -8 -13 -19 -38 -43 -4 
Glycine 0.95 0.98 0.86 0.79 0.86 0.73 0.68 0.76 0.63 0.61 0.69 0.29 0.68 0.55 
Alanine 0.96 0.97 0.92 0.78 0.89 0.74 0.66 0.78 0.64 0.59 0.67 0.56 O.67 0.56 
Serine 1.03 0,89 0.59 0.70 0.67 O.67 0.54 O.7O 0.53 0.48 0.56 0.47 O.60 O.87 
Tyrosine 0.57 0.5I  0.60 0.67 0.61 0.6I  O.6O 0.62 0.5I O.60 O.6O 0.61 0.44 0.57 
Cystine 0.55 0.49 0.62 0.79 0.44 O.67 0.54 0.64 0.59 0.64 0.58 0.59 O.56 0.55 
Proline 0.87 O.96 O.8I  0.49 O.76 O.69 0.42 0.73 0.45 0.50 0.52 0.43 0.54 0.36 
Aspartic Acid 1.70 1.73 0.99 1.25 1.19 J.18 O.96 1.21 I.08 0.91 0.97 0.82 1.18 0,88 
Glutamic Acid 4.53 5.03 4.92 3.98 4.50 3.99 3.78 3.91 3.61 3.45 3.84 3.27 3.61 3.04 
Valine O.98 0.98 1.17 1.11 1.07 1.01 0.95 0.9I  O.9O 0.86 0.80 0.87 0.82 O.8O 
Leucine I.90 1.62 I.87 1.90 1.85 I.89 1.93 1.85 1.75 1.72 1.79 1.75 1.44 I.58 
Isoleuclne O.69 0.66 0.73 0.77 O.76 O.67 0.70 0.68 0.62 0.64 O.6O 0.31 0.59 O.6I  
Threonine 0.62 O.5O 0.34 0.40 0.37 0.42 0.32 0.44 0.33 0.31 0.33 0.26 0.34 0.28 
Phenylalanine 1.20 l.l4 1.30 1.25 1.31 1.28 1.37 I. I 6  1.27 1.21 1.45 1.29 O.87 I.09 
Methionine 0.32 0.32 0.37 0.36 0.35 0.32 0.28 0.36 0.33 0.30 0.35 0.35 0.31 0.30 
Hlstldine 0.53 0.43 0.49 0.58 0.45 0.61 O.69 0.54 0.51 0.58 0.40 0.47 0.36 0.45 
Arglnlne 1.73 1.37 1.66 1.85 1.67 1.79 2.30 1.67 1.95 1.95 1.30 1.69 O.85 1.11 
Lysine 1.26 1.04 I.09 1.23 1.05 1.30 1.46 1.11 1.09 1.23 1.04 1.13 O.89 0.92 
Percent Pro­
tein (Sum o f  20.4 19.6 19.3 18.9 18.8 18.6 18.2 18.1 16.8 16.6 16.5 15.2 14.8 14.5 
Amino Acids) 
tel^Mmlcro- 23.2 21.5 20.5 24.7 24.1 21.3 24.3 22.5 20.8 22.9 22.3 22.1 19.5 21.0 
Kjeldahl) 
Table 19. Continued 
Range of Mean of 
Entry Segregates Segregates Entry 
From From Amino 
-1 X934A X934A B'+29 8430 O'Brien Garland X938A-14 Acid 
0.45 0.29-0.98 0,70 0.62 0.72 0.46 1.10 0.59 Glycine 
0.43 0.43-0.97 0.72 0.65 0.74 0.51 1.10 0.57 A1ani ne 
0.38 0.38-1.03 0.65 0.47 0.72 0.33 0.93 0.52 Serine 
0.55 0.44-0.67 0.58 0.57 0.71 0.63 0.51 0.77 Tyrosi ne 
0.68 0.44-0.79 0.59 0.57 0.86 0.60 0.58 1.00 Cysti ne 
0.33 0.33-0.96 0.59 0.56 0.71 0.48 1.04 0.41 Pro)}ne 
0.66 0,66-1.70 1.12 0.85 1.26 0.68 1.81 1,14 Aspartic Acid 
2.50 2.50-5.03 3.87 3.58 4.28 2.62 5.29 3.45 Glutamic Acid 
0.59 0.59-1.17 0.93 0.85 0.92 0.65 1.18 0.82 Valine 
1.38 1.38-1.93 1,75 1.57 1.96 1.59 1.78 1.79 Leuci ne 
0.50 0.31-0.77 0.64 0.63 0.71 0.60 0,73 0.69 1soleuci ne 
0.22 0.22-0.62 0.37 0.26 0.43 0.20 0.52 0.28 Threoni ne 
1,14 0.87-1.45 1.22 0.99 1.70 1.21 1.21 1.68 Phenyl alani ne 
0.30 0.28-0.37 0.33 0.46 0,38 0.30 0.35 0.36 Methioni ne 
0.45 0.36-0.69 0.50 0.42 0,73 0.55 0.48 0.80 HI stidi ne 
1.77 0.85-2,30 1,65 1.46 2.16 1.78 1.33 2.16 Argi ni ne 
1.10 0.89-1.46 1.13 1.01 1.55 1.22 1.11 1.63 Lysine 
Percent Pro-
13.4 17.3 15.5 20.5 14.4 21.0 18.7 teln (Sum of 
Ami no Acids) 
20.1 22.0 23.4 25.6 21.1 19.7 27.1 Percent Pro-
tein (micro-
Kj e 1 dah 1 ) 
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Shellenberger (1965) reported similarly for sorghum lines. When the mean 
amino acid percentages for my oat lines were compared to those for sorghum 
from Deyoe and Shellenberger (1965), for normal corn from MacGregor et al. 
(1961), and for opaque-2 corn from Mertz et al » (1965), I found that 13 of 
the amino acids (glycine, serine, tyrosine, cystine, glutamic acid, valine, 
leucine, îsoleucine, phenylalanine, methionine, histidine, arginine, and 
lysine) were higher in oat grain than in the grain of the other three 
crop plants (Table 20). Threonine percentage was about equal for all four 
grai ns and proline percentage was lower in oat grain than in the other three. 
Sorghum and normal corn had higher percentages of alanine and lower percent­
ages of aspartic acid than did oats and opaque-2 corn. Of course, a primary 
reason that oat grain had greater percentages of amino acids in dry matter 
was its higher protein content, i.e., the mean protein percentage of my 
oat lines was 17.3 in contrast to 10.4, 11.3, and 10.5 percent for sorghum, 
normal corn, and opaque-2 corn, respectively. 
Protein quality is often measured by the proportion of essential amino 
acids in the protein. Lysine,methionine, and tryptophan are generally the 
most limiting essential amino acids in cereal grain proteins (Rosenberg,1957 
and Sauberlich et al., 1953)° All oat lines had higher percent lysine in 
protein (5.3 percent) than the values reported for sorghum, normal corn, 
and even opaque-2 corn (Tables 20 and 21). The proportion of methionine was 
less in sorghum than in opaque-2 corn, normal corn, and oat (I.e., the mean 
of the 15 segregates from X934A) proteins. 
Of the other essential amino acids measured, arginine and phenylalanine 
were greater percentages of oat protein than of other grain proteins, and 
Isoleucine and valine were about the same proportions of the proteins for 
Table 20. Percentages of seventeen amino acids in total grain and protein of sorghum, normal corn, 
opaque-2 corn, and oats® 
Sorghum Normal i Corn Opaque-2 Corn Oats 
Amino Acid Percent of Percent Percent of Percent Percent of Percent Percent of Percent 
dry matter of dry matter of dry matter of dry matter of 
Protein Protein Protein Protein 
Glycine 0.31 3.0 0.43 3.5 0.49 4.8 0.70 4.0 
Alanine 0.95 9.2 1.03 7.0 0.72 6.9 0.72 4.2 
Seri ne 0.42 4.1 0.57 4.6 0.49 4.9 0.65 3.8 
Tyrosine 0.17 1.6 0.41 3.3 0.38 3.6 0.58 3.3 
Cystine 0.11 1.0 0.27 2.2 0.15 1.4 0.59 3.4 
Prol1 ne 0.79 7.7 1.61 13.0 0.85 8.1 0.59 3.4 
Aspartic Acid 0,65 6.3 0.75 6.1 1.11 10.6 1.12 6.5 
Glutamic Acid 2.17 21.2 2.18 17.6 1.88 17.9 3.87 22.3 
Valine 0.51 4.9 0.56 4.5 0.58 5.5 0.93 5.4 
Leucine 1.36 13.1 1.56 12.6 1.03 9.8 1.75 10.1 
1 soleuclne 0.39 3.8 0.43 3.5 0.40 3.8 0.64 3.7 
Threonine 0.31 3.0 0.46 3.7 0.41 3.9 0.37 2.1 
Phenylalanine 0.49 4.8 0.64 5.2 0.49 4.8 1.22 7.0 
Methionine 0.14 1.3 0.21 1.7 0.20 1.9 0.33 1.9 
Hi stIdlne 0.21 2.1 0.22 1.8 0.32 3.0 0.50 2.9 
Arglnlne 0.28 2.7 0.44 3.6 0.68 6.5 1.65 9.5 
Lysine 0.20 2.0 0.30 2.4 0.49 4.7 1.13 6.5 
Protein 10.4 11.3 10.5 17.3 
Percentage 41 4o 44 49 
essential amino 
acids In protein 
®Data for sorghum, normal corn, opaque-2 corn, and oats are from Deyoe and Shellenberger (1965), 
MacGregor £t aj^. (1961), Mertz ^ aj_. (1965), and the mean of 15 segregates In this study, respectively 
Table 21. Seventeen amino acids expressed as a percentage of protein for each of 20 oat grain samples 
Amino Acid 
X934A 
-7 -15 -44 -31 -42 -26 
Entry 
-3 -18 -8 -13 -19 -38 -43 -4 -1 
Glycine 4.66 4.99 4.45 4.18 4.57 3.93 3.74 4.21 3.75 3.68 4.18 1.91 4.61 3.79 3.53 
Alanine 4.7) 4.94 4.76 4.13 4.73 3.98 3.67 4,32 3.81 3.56 4. 12 3.88 4.54 3.85 3.20 
Serine 5.05 4.54 3.05 3.70 3.56 3.61 2.97 3.87 3.15 2.90 3.39 3.09 4.07 5.99 2.83 
Tyros i ne 2.80 2.60 3.10 3.54 3.24 3.28 3.30 3.43 3.04 3.62 3.63 4.02 2.98 3.92 4.10 
Cyst Î ne 2.70 2.50 3.21 4.18 2.34 3.61 2.97 3.54 3.51 3.86 3.51 3.88 3.79 3.79 5.07 




8.34 8.82 5.12 6.61 6.32 6.35 5.28 6.70 6.43 5.49 5.88 5.40 7.99 6.06 4.92 
Acid 22.22 25.64 25.45 21,06 23.91 21.4? 20.80 21.64 21.49 20.82 23.26 21.53 24.46 20.92 18.63 
Valine 4.80 4.99 6.05 5.8? 5.68 5.43 5.22 5.03 5.35 5.19 4.84 5.72 5.55 5.50 4.39 
Leucine 9.31 8.25 9.67 10.05 9.82 10.17 10.62 10.23 10.41 10.38 10.84 11.52 9.75 10.87 10.28 
Isoleucine 3.38 3.36 3.77 4.07 4,03 3.60 3.85 3.76 3.69 3.86 3.63 2.04 3.99 4.19 3.72 
Threonine 3.04 2.54 1.75 2.11 1,96 2.26 1.76 2.43 1.96 1.87 1.99 1.71 2.30 1.92 1.63 
lanine 5.88 5.81 6.72 6.40 6,96 6.88 7.53 6,41 7.55 7.54 8.78 8.49 5.89 7.50 8.49 
Methionine 1.56 1.63 1.91 1.90 1.85 1.72 1.54 1.99 1.96 1.81 2.11 2.30 2.10 2.06 2.23 
Histidlne 2.59 2.19 2.53 3.06 2.39 3.28 3.79 2.98 3.03 3.50 2.42 3.09 2.43 3.09 3.35 
Argi ni ne 8.48 6.98 8,58 9.78 8.87 9.63 12.65 9.24 11.60 11.76 
CO 
11.12 5.75 7.63 13.18 
Lysine 6.17 5.30 5.63 6.50 5.57 6.99 8.03 6.14 6.48 7.42 6.29 7.43 6.02 6.33 8.19 
Percent 45 41 47 50 47 50 55 48 52 53 49 54 44 49 55 
Essent i aI 
Amino Acids 
Table 21. Continued 
Range of Segregates 
from 
X934A 
Mean of Segregates 
from 
X934A B429 B430 
Entry 
O'Brien Garland X938A- |4 Ami no Acid 
1.91-4.99 4.04 4.00 3.51 3.19 5.23 3.16 Glycine 
3.20-4.94 4.15 4.19 3.60 3.54 5.23 3.06 Alanine 
2.83-5.99 3.75 3.03 3.51 2.29 4.42 2.79 Ser i  ne 
2.60-4.10 3.34 3.68 3.46 4.37 2.43 4.13 Tyrosi ne 
2.34-5.07 3.40 3.68 4.19 4.16 2.76 5.36 Cysti ne 



















4.39-6.05 5.36 5.48 4.47 4.51 5.61 4.39 Valine 
8.25-11.52 10.09 10.12 9.54 11.03 8.46 9.59 Leucine 
2.04-4.19 3.69 4.06 3.45 4.16 3.47 3.69 1soleuci ne 
1.63-3.04 2.13 1.67 2.09 1.38 2.47 1.50 Threoni ne 
5.81-8.78 7.04 6.38 8.27 8.39 5.75 9.00 
Phenyla-
1 an1 ne 
1.54-2.30 1.90 2.96 1.85 2.08 1.66 1.93 Methionine 
2.19-3.79 2.88 2.70 3.55 3.81 2.28 4.28 Histidlne 
5.75-13.18 9.52 9.41 10.51 12.35 6.32 11.58 Argini ne 
5.30-8.19 6.52 6.51 7.54 8.46 5.28 8.73 Lysine 
41-55 49 49 51 56 41 55 Percent 
Essential 
Ami no Aci ds 
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all four grains. Histidine was a greater and leucine a smaller percentage 
of oat protein than of sorghum and normal corn proteins, but both amino 
acids were similar in opaque-2 corn and oat proteins. 
Percent methionine in oat protein tended to go down as protein 
percentage increased (Table 21), and a similar trend was observed for lysine, 
but it was not so sharp. MacGregor et £l_. (1961) found that methionine and 
lysine both decreased as percentages of normal corn protein as protein per­
centage increased. 
Essential amino acids comprised from 41 to 56 percent of the total amino 
acids in oat protein (Table 21). High and low total percentages of essential 
amino acids were found with both high and low protein lines, which suggests 
that protein quality in oat grain remained nearly constant over the whole 
range of protein quantities. Frey (1951b) and McBeath et al. (I960) previous­
ly reported this for oats and barley, respectively. Corn and sorghum protein 
qualities, however, were found to decrease as protein percentages were 
increased (Frey, 1951a; Sauberl ich et 1953; MacGregor et al.. 1961; 
Waggle et al., 1967)» 
The nine essential amino acids comprised 49 percent of the amino acids 
measured in oats compared to 40 percent in normal corn, 4l percent in 
sorghum, and 44 percent in opaque-2 corn (Table 20). Also, this suggests 
that oat grain contains better quality protein than do these other grains. 
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DISCUSSION 
There was significant variability among F^-derived line means for 
kernel protein percentage in each cross (Tables 3-7), and in each 
experiment, except 93, 95, and 99, the segregate range for this trait 
included the parental values (Table 13). Experiment 99 was the only one 
in which the high protein parent (28.0 percent) had a considerably greater 
kernel protein percentage than the high protein segregate (24.6 percent). 
In experiments 93 and 95 the A. steri1i s parent was only 0.9 higher in 
kernel protein percentage than the high protein segregate. Segregate ranges 
in experiments 90 and 96 (i.e., 17.4 to 24.1 percent and 18.1 to 24.8 
percent, respectively), where the A. sterilis parent was not harvested, 
were comparable to those in other experiments. 
Mean kernel protein percentage for segregates was significantly lower 
than the midparent value in experiments 93, 95, and 99, thus being closer 
to the low protein, A. sativa, parent (Table 13). Frequency distributions 
for these experiments showed a preponderance of low protein lines, which 
suggested duplicate epistatic gene action for low kernel protein percentage. 
It is interesting to speculate how duplicate gene action might modify the 
breeding methodology to be used to obtain high protein oat lines. With 
either additive gene action or duplicate epistasis for low protein, the 
proportion of segregates with protein percentage equivalent to the high 
parent will be the same. For example, with three segregating gene pairs, 
the proportion of Fg's equivalent to the high parent would be one in 64 
with either type of gene action. However, with duplicate epistasis all of 
the other 63 lines would be equivalent to the low parent, but with 
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additive gene action the whole range from low parent to high parent 
would occur among the segregates. If the breeder was willing to accept 
segregates somewhat below the high protein parent, certainly the proportion 
of lines with acceptable protein percentage would be greater with additive 
gene action than with duplicate epistasis. Also with duplicate epista­
tic gene action, recurrent selection would be of no value whereas with 
additive gene action it probably would. Actually, it may be that both 
duplicate epistatic and additive gene action were acting on protein per­
centage in my oat crosses. Of course the actual numbers of progeny needed 
in a selection program would depend on the number of loci involved and the 
degree of epistatic action. 
Midparent value and segregate mean for kernel protein percentage 
were not  s ign i f icant ly  d i f ferent  in  exper iments 92,  9^,  96,  97,  and 98,  
but in these experiments the differences in protein percentages of the 
parents were small. Additive gene action did seem to be predominant in 
controlling kernel protein percentage in experiments 90, 91, 92, 96, and 
98, as shown by the reasonably symmetrical frequency distributions of 
segregates. 
There was a general trend for segregate means for height, heading 
date, and lO-groat weight to be nearer to the corresponding A. sativa 
parent values than to the A. sterilis parent. Of course, the obvious 
genetic explanation for this trend would be a general presence of duplicate 
epistatic gene action, but there also was the possibility of bias in my 
scoring of lines heterogeneous for heading date and plant height, and the 
possible effect of extreme heat in July upon height and 10-groat weight. 
These factors were discussed previously, but their general effect would 
6 1  
be to make the segregates appear more like their A. sat I va parent for these 
trai ts. 
Regression of offspring on parents estimated narrow sense heritability 
(i.e., that which is due to additive gene action), whereas heritabi1ities 
based on variance componets were broad sense estimates. Of course, my 
variance component heritabi1ities were estimates from data from the F^, so 
the predominant gene action would have been additive. Per-experiment esti­
mates were higher than per-plot estimates because of reduced importance of 
the error term in the denominator of the formulas (Table l6). Regression 
heritabi1ities, probably because they were narrow sense and had most geno­
type X environment interactions removed, had a lower mean over all ten 
experiments than variance component heritabi1ities. 
in relatively small populations of Fg-derived lines, I was able to 
find segregates with quite high protein percentages. In fact, in most 
crosses the highest segregate was equivalent to the high protein parent. 
So, it seems there should be no difficulty in obtaining high protein 
segregates, but for a line to be useful in agriculture it also must be 
"agronomically sound". That is, it must have, in addition to high protein 
percentage, appropriate maturity, plant height, kernel weight, A. sativa 
kernel traits, etc. In my study, there was no general and/or consistent 
correlation between kernel protein percentage and heading date, 10-groat 
weight, and Vsp% (Table l4). Specific crosses did show significant 
correlations between kernel protein and one or two of these traits but the 
tendency was not general. A slight negative association between kernel 
protein and height was observed, but this negative relationship would be 
beneficial to a breeder.since high protein lines would be shorter and 
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therefore, less susceptable to lodging. In general, no associations were 
found that would preclude producing oat lines with both high protein 
percentage and good agronomic traits. Neither would it be possible to 
predict kernel protein percentage via any other agronomic trait 1 measured. 
On the other hand, I found very definite associations between protein 
percentage and kernel traits. The lines with abscission spikelet separation, 
characteristic of A. sterilis, averaged 1.2 percent higher in protein 
percentage than did fracture spikelet separation (Table 18), and lines 
witr. jointed awn, also an A. steri l is trait, averaged 1.1 percent higher 
than lines with straight or no awns. Dark seeded lines were 1.0 percent 
higher in protein than light seeded lines (A. sativa type) and shattering 
lines (A. sterilis type) averaged 0.9 percent higher than non-shattering 
lines. The mean protein percentage of glabrous seeded lines (A. sativa) 
was 0.3 percent higher than for hairy seeded lines. 
Individual crosses showed varying associations. Experiments 90 and 96 
had the same ^ steri1i s parent, and all segregates from both had yellow 
seed with no hair. In crosses with Garland as the A. sativa parent (i.e., 
experiments 96-99), there tended to be larger mean differences for kernel 
protein percentage between segregates with A. sativa traits and those with 
A. sterilis traits than there were in crosses with O'Brien as the A. sativa 
parent. 
There was no association between kernel protein percentage and any 
of the five seed traits in experiment 92 (Table 18), and high kernel protein 
was associated only with jointed awn in experiment Sk and non-hairy lemma 
in experiment 95. Probably it would be more efficient to use these three 
crosses, or similar ones, to obtain high protein A. sativa type segregates 
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rather than the other crosses where A. sterilis type lines tended to have 
higher protein percentages (i.e., experiments 5i, 33, 96, 97, 98, and 99). 
Only a few segregates were A. sativa type for all five traits and the 
kernel protein percentage for these are given in Table 22. 
Many segregates from crosses X930A and X9^0A were ^ sativa type 
because all segregates were non-hairy and yellow seeded. The ranges of 
kernel protein percentage for A. sativa type segregates in X930A (i.e., 
17.4 to 22.7 percent) and X940A (i.e., 18.4 to 24.3 percent) were nearly 
the same as the total segregate ranges for the crosses (i.e., 17.4 to 24.1 
and 18.1 to 24.8 percent, respectively.) Only a few segregates in each 
of the other eight crosses were A. sativa type, and differences in kernel 
protein percentage among these segregates within a cross were small 
(i.e., a range of 19.8 to 21.0 percent for X932A, 20.7 to 21.0 percent 
for X933A, etc.). When A. sativa type segregates from ail ten crosses 
were grouped together, however, kernel protein percentage ranged from 17.4 
to 24.3 percent (Table 22). 
Several things could be done to obtain a larger number of A. sativa 
type oat lines than could be assayed and screened for protein percentage. 
Since the proportion of A. sativa lines varied among the interspecies 
crosses, a breeder could concentrate selection on the ones that segregat­
ed the highest frequencies. A second alternative would be to simply grow 
larger numbers of plants and or progenies from which to select A. 
sativa type segregates. This would be a workable alternative since the 
A. steri1i s seed traits are simply inherited and the alleles responsible 
for their determination have high penetrance and expressivity. Perhaps 
some simple mechanical mass selection technique could be applied to 
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Table 22. Kernel protein percentages of segregates from experiments 90-
99 which are A. sativa type for spikelet separation, hairiness, 
awn type, seed color, and shattering 
Kernel Kernel Kernel 
Segregate Protein Segregate Protein Segregate Protein 
(%) (%) (%) 
X930A -1 • 20.0 X934A -2 22.4 X940A -28 20.5 
-2 20.9 -33 20.9 -30 22.4 
-10 21.4 -44 20.5 -31 20.9 
-12 19.9 -46 23.0 -32 21,8 
-16 20.5 
-25 20.9 X937A -8 21.7 X943A -13 19.1 
-30 19.8 -19 22.9 -17 21.1 
-31 17.4 -20 21.3 -20 21.1 
-32 18.7 -23 23.0 -26 20.1 
-34 22.7 -29 20.0 
-35 21.2 X947A -5 20.3 
-36 20.6 X938A -28 22,5 
-7 21.6 
X932A -5 19.8 X940A -2 18.1 -10 22.0 
-12 21.0 -8 24.3 -18 21.3 
-19 20.3 -10 20.0 -21 20.5 
-30 19.8 -11 20.4 
-13 20.0 X948A -21 18.5 
X933A -14 20.7 -20 21.9 -27 20.0 
-30 20.8 -23 21.2 -32 19.7 
-31 21.0 







reduce the proportion of A. steri1i s segregates in the and F^ popula­
tions. For example, permitting the plants to become dead ripe before har­
vesting them would result in heavy selection against shattering susceptible 
segregates. 
Another possibility would be to backcross the interspecific F^ hybrid 
to the ^ sativa parent or cross the hybrid to another ^ sativa line, 
which would increase the A. sative germplasm in the segregating popula­
tion to 75 percent. it is as yet unknown whether high protein percentage 
segregates could be found in these crosses, but my study indicates that 
such segregates should be present since there was no absolute dependence 
of kernel protein percentage on species type. 
Analyses of covariance, which removed effects of differences in 
heading dates from \/sP%'s, reduced genotypic variance for \/sp% in each 
experiment (Table 17). Whe- i. s all experiments showed significant variabil­
ity among segregates for this trait before covariance analysis, only 
experiments 91 and 99 still had genotypic variability remaining after 
covariance analysis. Heading date did have an effect on'/SP%. The later 
heading lines probably did not complete the usual breakdown of proteins in 
the vegetative tissue and the translocation of these amino acids to the seed, 
which occurs in plants which mature fully,prior to termination of growth 
by extreme heat in July. Thus, later heading lines generally had higher 
protein content in the straw. There was a large range of heritability 
percentages for \/sP%, and as the generally low heritabi1ities show, there 
was l ittle variability remaining for this trait after adjustment for 
heading date (Table 15). 
One theory to explain high kernel protein percentage is that the 
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vegetative tissues of these plants are more efficient in the translocation 
of amino acids to developing kernels. According to this theory high kernel 
protein percentage should be associated with low straw protein percentage and 
vice versa. In the more efficient plants amino acids would be rapidly 
moved to the kernels, and in less efficient ones there would be a build up 
of amino acids in the vegetative tissue. However, pooled correlation 
coefficients showed no association between kernel protein percentage 
and v^SP% in this study (Table 14). Further insight as to the role that 
vegetative tissue might play in the determination of kernel protein content 
could come from studies of the protein content of straw from different 
genotypes examined at comparable stages of maturity throughout grain fil l ing. 
Quality of oat protein was better than previously reported for normal 
corn (MacGregor et al.,1961) or sorghum (Deyoe and Shellenberger, 1965) 
protein. Of the nine essential amino acids measured, only threonine and 
leucine were greater percentages of normal corn (i.e., 3.7 and 12.6 percent, 
respectively).and sorghum (i.e., 3.0 and 13.1 per cent, respectively) 
proteins than of oat protein, i.e., 2.1 percent threonine and 10.1 percent 
leucine (Table 20). Percentages of five of the essential amino acids in 
proteins of opaque-2 corn (Mertz et al., 1965) and oats were quite similar, 
while oats had greater percentages of arginine, lysine, and phenylalanine, 
and opaque-2 corn had a greater percentage of threonine. In general, the 
proteins of the two grains were quite comparable in quality, while oats 
had a distinct advantage in protein quantity. Essential amino acids 
comprised 49 percent of the total amino acids in oats, while in normal corn 
and sorghum they comprised only 40 and 4l percent, respectively. Protein 
quality of oats, as measured by the percentage of essential amino acids 
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in protein, remained about the same over the whole range of protein per­
centages. Although the values did range from 4l to 56 percent, there was 
no association between percentage essential amino acids and total protein 
percentage. 
Percentage of lysine in protein was higher in all the oat samples 1 
tested (i.e., a range of 5.3 to 8.7 percent) than even Mertz et £l_. (1965) 
found in opaque-2 corn (i.e., 4.7 percent). While lysine is one of the 
limiting essential amino acids in the protein of most grains, it may not 
be limiting in oat protein. 
Segregates showed a wide range for each amino acid as a percentage 
of protein (Table 21), which suggests that selection to improve one or 
more of the essential amino acids should be possible. Amino acid balance 
(relative proportions of the amino acids in the protein) might be upset by 
selection of this type, but because of the nearly constant quality of 
oat protein I believe that selection for a specific amino acid could be 
carried out effectively with minimal detriment to protein quality. Selection 
for specific amino acids would be limited by the analysis procedure. With 
methods available at the present time it is much easier to analyze samples 
for total protein than for amino acids. This seems adequate for oats 
where protein quality appears to remain at a constant level. 
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SUMMARY 
Frequency distributions for plant height, heading date, and 10-groat 
weight were generally reasonably symmetrical, which suggests that these 
traits were conditioned by genes acting in an additive manner. High 
heritabi1ities for these traits also supported the additive gene-action 
theory. 
Heading date and J~SP% were positively correlated in all ten experi­
ments, and when \/sP% variances were placed on an equal heading date basis 
by covariance analysis, genotypic variances decreased. Whereas all ten 
experiments had significant variability among segregates for '/sP% before 
covariance analysis, only two showed significant variability after covariance 
analysis. This was the first report of significant variation in straw 
protein content among oat cultivars harvested at comparable maturities. 
There was significant genetic variability for kernel protein percentage 
in each experiment. Mean and midparent values for kernel protein percentage 
were not significantly different in experiments 90, 91, 92, 94, 96, and 
98, and frequency distributions in these experiments were reasonably symmetri­
cal, both of which suggested that additive gene action was conditioning this 
trait. Frequency distributions for experiments 93, 95, 97, and 99 showed a 
preponderance of low protein lines, and the segregate means for 93, 95, 
and 99 were lower than their respective midparent values, both of which 
suggested that duplicate epistatic gene action at relatively few loci was 
acting to condition low kernel protein percentage in these crosses. 
Kernel protein percentage was not associated with plant height, heading 
date, 10-groat weight, or \/sP%. Individual experiments did show significant 
correlations, but over all none of these traits could be used as an indicator 
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of kernel protein percentage» 
t-tests showed that high kernel protein percentage was closely associated 
with abscission spikelet separation and jointed awn, both of which are A. 
steri1is traits. Shattering and dark seed color (A. sterilis traits) 
were also associated with high kernel protein percentage, but kernel 
pubescence was not. Only a few segregates within each cross were A. sativa 
type for all five of these traits, but when A. sativa types from all crosses 
were grouped together there was a large range for protein percentage. 
Amino acid analyses showed that the protein quality of oats should be 
better than that of normal corn or sorghum. Nine essential amino acids 
accounted for a mean of 49 percent of the total amino acids in oat protein, 
whereas they accounted for only 40 and 41 percent of the total in normal 
corn and sorghum proteins, respectively. Leucine and threonine were the 
only two essential amino acids that were found to be smaller percentages 
of oat protein than of normal corn or sorghum proteins. Oat protein quality, 
measured in terms of essential amino acids, remained nearly constant over 
the whole range of protein percentages found in the samples, and was quite 
comparable to the quality of c?aque-2 corn protein. 
Oat lines differed in amounts of individual amino acids their proteins 
contained. While one might successfully select for a specific amino acid, 
the constant high quality of oat protein would seem to make this unnecessary. 
At present, it would be more efficient and economical to select for total 
protei n percentage. 
Lysine is generally a limiting essential amino acid in cereal grain 
proteins, but it probably would not be limiting in oat protein. All samples 
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Table 23. Segregate means and least significant difference (LSD) values 
for heading date, plant height, 10-groat weight, straw protein 
percentage and kernel protein percentage in experiment 90 
Trait 
Entry Heading Plant 10-groat Straw Kernel 
No. Date Height weight Protein Protein 
(cm) (eg) (%) (%) 
Ï9 24 105 16 5.4 24.1 
34 27 118 19 5.8 22.7 
6 30 105 18 6.1 22.5 
27 24 112 19 5.0 22.2 
39 38 126 19 4.8 21.9 
37 30 123 20 4.7 21.8 
38 24 119 21 5.4 21.6 
7 30 116 21 5.8 21.6 
22 33 117 25 5.6 21.5 
23 36 127 25 5.2 21.5 
20 36 116 22 6.9 21.4 
8 28 109 19 5.4 21.4 
10 31 116 18 5.4 21.4 
24 23 113 21 4.7 21.2 
35 26 119 21 5.6 21.2 
14 32 118 21 4.8 21.1 
2 18 112 16 3.7 20.9 
21 32 130 19 5.4 20.9 
25 24 114 16 3.7 20.9 
18 27 123 18 5.2 20.8 
28 26 119 19 4.8 20.7 
15 21 106 18 4.0 20.7 
11 39 128 23 4.7 20.6 
36 25 115 20 3.9 20.6 
3 38 119 2? 5.3 20.5 
13 30 129 21 5.3 20.5 
16 28 137 21 3.6 20.5 
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Table 23. Continued 
Trait 
Entry Heading Plant 1O-groat Straw Kernel 







9 26 107 16 4.8 20.4 
33 27 106 22 4.8 20.1 
1 30 126 19 4.6 20.0 
12 25 128 19 3.8 19.9 
30 26 125 19 4.0 19.8 
5 33 117 22 5.3 19.7 
4 25 116 24 4.5 19.3 
26 29 121 23 4.2 18.9 
17 29 128 25 4.8 18.7 
32 39 127 21 6.6 18.7 
29 25 113 22 5.1 18.1 
31 25 109 21 5.9 17.4 
Mean 29 118 20 5.0 20.7 
LSF(.05) 3 7 4 - 2.4 
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Table 24. Segregate means and least significant difference (LSD) values 
for heading date, plant height, 10-groat weight, straw protein 


















28 44 107 18 6.9 24.4 
35 25 86 15 5.2 24.2 
13 18 93 25 3.6 23.9 
10 21 104 19 4.1 22.1 
31 41 115 20 5.9 22.0 
26 18 99 17 3.7 22.0 
14 20 95 18 4.8 21.7 
7 45 101 16 8.4 21.4 
4 19 106 19 4.0 21.3 
11 19 102 21 4.3 21.3 
16 20 96 21 4.4 21.2 
36 23 108 18 4.0 21.2 
1 27 94 16 5.4 21.1 
12 23 108 18 3.9 21.0 
22 41 114 20 7.0 21.0 
18 34 108 18 5.7 20.7 
27 35 111 18 5.9 20.6 
25 27 113 17 4.7 20.4 
33 27 10: 16 5.3 20.4 
19 33 112 21 4.6 20.3 
9 23 105 16 4.5 20.3 
6 20 98 18 3.5 20.1 
23 28 105 21 4.1 20.1 
29 33 112 20 4.6 19.9 
5 20 105 20 3.4 19.8 
30 22 106 19 3.6 19.8 
3 31 101 20 4.8 19.7 
20 38 102 21 6.5 19.6 
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Pro te i n 
(%) 
Kernel 
Pro te i n 
(%) 
15 19 107 21 3.0 19.5 
21 19 97 17 3.9 19.0 
32 20 100 18 3.6 18.9 
8 20 112 23 4.5 18.7 
37 35 108 18 5.4 18.6 
24 30 102 19 7.0 18.5 
2 30 114 23 5.3 18.3 
17 28 119 21 5.6 17.1 
34 19 107 19 5.2 16.9 
Mean 27 105 19 4.9 20.4 
LSD (.05) 3 10 4 - 3.2 
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Table 25. Segregate means and least significant difference (LSD) values 
for heading date, plant height, iO-groat weight, straw protein 
percentage, and kernel protein percentage in experiment 92. 
Trait 
Entry Heading Plant 10-groat Straw Kernel 
No. Date Height weight Protein Protein 
(cm) (eg) (%) (%) 
21 19 88 20 5.6 24.0 
38 28 103 19 5; 2 23:6 
8 26 87 18 4.8 23.1 
20 17 100 20 3.8 22.3 
26 19 88 24 5.4 22.3 
23 19 94 22 4.3 22.2 
7 17 88 20 4.0 22.0 
15 25 99 16 4.8 21.9 
24 24 96 18 4.9 21.5 
28 24 98 16 5.4 21.5 
3 21 102 17 4.6 21.4 
27 19 102 17 4.0 21.4 
12 23 93 19 4.6 21.3 
11 31 96 21 6.1 21.2 
19 34 113 17 6.3 21,2 
17 25 114 18 5.1 21.0 
18 18 98 19 4.3 21.0 
31 21 101 18 4.4 21.0 
34 21 99 21 5.4 21.0 
32 18 97 20 4.9 20.9 
2 20 94 18 4.9 20.8 
37 26 107 19 4.6 20.8 
30 18 93 18 3.5 20.8 
14 21 94 19 4.8 20.7 
6 26 101 25 5.0 20.7 
13 20 101 22 4.0 20.7 
33 18 96 18 4.8 20.7 
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Table 25. Continued. 
Trait 
Entry Heading Plant 10-groat Straw Kernel 
No. Date Height weight Protein Protein 
(cm) (eg) (%) (%) 
9 20 104 25 4.5 20.5 
29 32 113 20 4.8 20.0 
4 20 106 24 5.1 19.7 
36 24 104 19 4.8 19.7 
22 19 89 18 5.3 19.5 
35 24 95 19 4.8 19.4 
16 28 108 18 5.0 19.3 
1 23 117 17 5.2 19.2 
5 28 102 21 5.1 19.2 
10 22 101 13 5.7 18.8 
25 32 109 16 5.4 18.4 
Mean 23 100 19 4.8 20.9 
LSD (.05) 3 7 4 - 2.6 
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Table 26. Segregate means and least significant difference (LSD) values 
for heading date, plant height, lO-groat weight, straw protein 


















31 19 104 28 4.0 24.7 
3 31 112 24 5.5 24.3 
42 25 112 27 4,5 24.1 
23 35 120 23 6.3 23.5 
7 21 106 18 5.2 23.2 
12 19 123 22 3.8 23.1 
25 34 117 25 5.5 23.1 
27 24 102 22 5.2 23.0 
46 29 110 21 5.9 23.0 
13 24 108 25 4.5 22.9 
11 18 103 25 3.8 22.7 
10 21 105 20 4.6 22.6 
18 32 115 26 6.0 22.5 
2 34 112 19 6.8 22.4 
17 19 104 19 3.8 22.4 
40 18 105 28 4.4 22.4 
21 31 110 17 5.7 22.3 
19 18 99 22 4.1 22.3 
5 32 113 20 5.1 22.2 
38 22 100 23 4.4 22.1 
9 19 100 27 4.1 21.8 
39 30 118 23 5.0 21.8 
20 24 105 25 4.8 21.7 
15 23 113 24 4.4 21.5 
28 23 101 25 5.8 21.5 
24 25 108 22 4.6 21.4 
34 27 111 26 6.1 21.4 
26 21 100 23 4.7 21.3 
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Table 26. Continued. 
Trait 
Entry Headi ng Plant 10-groat Straw Kernel 
No. Date Height weight Proteî n Proteî n 
(cm) (eg) (%) (%) 
32 24 115 22 5.4 21.3 
35 19 111 22 3.8 21.2 
4 25 106 22 4.5 21.0 
29 31 112 21 6.1 20.9 
33 20 98 20 3.9 20.9 
30 33 111 20 7.0 20.8 
8 24 111 20 5.1 20.8 
37 18 101 23 4.0 20.7 
44 19 115 23 3.7 20.5 
22 27 117 18 4.9 20.4 
41 23 111 22 4.9 20.3 
1 24 105 19 4.8 20.1 
6 24 113 23 4.2 20.1 
14 19 105 23 4.0 20.0 
36 36 111 25 5.9 20.0 
16 21 108 22 4.4 19.9 
43 22 101 20 4.8 19.5 
45 25 114 22 4.0 19.0 
Mean 24 108 22 4.8 21.7 
LSD (.05) 4 8 5 - 2.6 
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Table 27« Segregate means and least significant difference (LSD) values 
for heading date, plant height, 10-groat weight, straw protein 
percentage, and kernel protein percentage in experiment 94. 
Trait 
Entry Head!ng Plant 10-groat Straw Kernel 
No. Date Height wei ght Protei n Protei n 
(cm) (eg) C%) (%) 
27 23 97 19 5.2 26.1 
7 23 113 19 5.6 23.5 
25 26 111 22 5.5 23.2 
23 33 118 20 5.4 23.0 
19 22 115 21 4.3 22.9 
28 19 103 22 3.5 22.4 
14 36 129 22 6.8 22.3 
21 25 113 23 6.7 22.2 
24 22 101 26 4.8 22.1 
1 23 116 24 4.5 21.9 
17 27 116 17 5.1 21.8 
8 21 109 18 4.5 21.7 
6 23 115 18 5.6 21.7 
16 22 102 18 5.0 21.7 
18 24 107 23 4.7 21.6 
30 35 120 26 7.2 21.5 
20 22 115 20 4.2 21.3 
2 21 106 18 4.8 21.2 
9 20 111 20 5.3 21.0 
10 38 114 24 6.7 20.9 
26 24 123 23 4.5 20.9 
5 19 104 21 4.2 20.8 
22 36 117 21 6.4 20.8 
3 21 105 26 4.9 20.6 
15 34 112 22 6.6 20.6 
4 23 102 20 5.7 20.5 
29 22 113 21 4.2 20.0 
11 23 104 21 4.5 19.9 
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Table 27. Continued. 
Trait 
Entry Heading Plant 10-groat Straw Kernel 
No. Date Height weight Protein Protein 
(cm) (eg) f/o) (%) 
13 35 120 22 5.7 19.8 
12 24 127 23 6.5 19.0 
Mean 25 112 21 5.3 21.5 
LSD(.05) 3 7 3 - 2.6 
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Table 28. Segregate means and least significant difference (LSD) values 
for heading date, plant height, 10-groat weight, straw protein 

















14 28 116 24 4.9 27.1 
16 23 103 21 2.0 24.7 
9 40 116 19 7.0 24.6 
8 29 111 23 6.2 24.5 
5 29 109 21 5.9 24.3 
30 26 103 20 5.6 24.3 
31 39 106 23 7.2 23.8 
27 35 106 18 6.0 23.7 
12 24 103 19 4.8 23.6 
17 24 113 26 6.0 23.4 
22 31 109 21 5.2 23.0 
29 22 108 22 4.2 22.9 
24 30 117 25 6.5 22.7 
6 35 107 21 6.7 22.7 
18 28 115 25 5.0 22.6 
28 20 104 19 3.0 22.5 
1 34 105 22 7.4 22.5 
19 26 100 20 4.9 22.3 
7 21 109 24 3.9 22.0 
13 22 114 22 5.0 21.9 
15 25 113 22 4.5 21.8 
25 29 114 24 5.3 21.6 
26 29 112 21 5.6 21.4 
21 20 105 19 5.2 21.4 
23 19 110 22 3.8 21.4 
3 22 117 30 3.4 21.3 
4 22 102 20 5.3 21.2 
11 24 113 24 4.0 20.9 
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Table 28. Continued. 
Trait 
Entry Heading Plant lO-groat Straw Kernel 
No. Date Height weight Protein Protein 
(cm) (eg) 
2 24 119 
20 35 113 
10 29 111 
Mean 27 109 
LSD (.05) 3 9 
19 3.5 20.5 
19 7.1 20.3 
20 5.2 20.2 
22 5.2 22.6 
7 - 3.4 
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Table 29. Segregate means and least significant difference (LSD) values 
for heading date, plant height, lO-groat weight, straw protein 


















14 45 110 14 10.7 24.8 
22 31 116 24 6.1 24.5 
8 44 111 13 11.1 24.3 
9 32 118 22 6.0 23.1 
3 37 110 19 7.2 23.0 
5 31 118 26 4.5 22.8 
4 24 110 22 5.1 22.5 
27 33 124 23 6.9 22.5 
30 32 122 21 5.3 22.4 
6 42 126 20 8.8 22.3 
26 26 115 24 4.3 22.3 
19 39 125 23 6.3 22.3 
21 22 100 19 2.0 22.3 
29 35 123 24 6.3 22.2 
17 29 114 23 2.0 22. 1 
1 27 118 17 4.4 22.0 
12 33 107 19 7.3 22.0 
18 33 116 19 4.8 22.0 
25 30 120 20 5.3 22.0 
20 21 103 18 4.6 21.9 
32 34 126 24 5.1 21.8 
7 31 113 22 5.8 21.6 
15 25 119 19 4.4 21.6 
23 39 115 20 7.2 21.2 
31 30 124 20 3.7 20.9 
28 24 118 20 3.9 20.5 
11 29 111 22 5.7 20.4 
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Table 29. Continued. 
Trait 
Entry Heading Pi ant 10-groat Straw Kernel 
No. Date Height weight Protein Protein 
(cm) (eg) (%) (%) 
24 27 112 17 5.2 20.0 
10 37 118 22 5.7 20.0 
13 19 108 20 3.7 20.0 
16 22 113 18 3.5 19.4 
2 27 99 17 5.7 18.1 
Mean 31 115 20 5.6 21.8 
LSD(.05) 3 7 6 - 1.8 
90 
Table 30. Segregate means and least significant difference (LSD) values 
for heading date, plant height, lO-groat weight, straw protein 
percentage, and kernel protein percentage In experiment 97* 
Trait 
Entry HeadIng Plant 10-groat Straw Kernel 
No. Date He I ght wei ght Protein Protei n 
(cm) (eg) (%) (%) 
8 Ï7 99 19 2.8 24.5 
9 18 98 18 4.4 24.4 
15 17 92 18 5.1 24.0 
34 40 105 18 7.1 23.8 
21 23 100 20 4.1 22.9 
19 18 99 20 3.5 22.9 
25 2Î : ÛÏ i S  4.C 22. S 
7 33 114 21 5.3 22.6 
16 22 93 17 5.1 22.6 
25 20 102 19 3.5 22.6 
27 16 90 19 3.8 22.3 
35 16 88 19 4.2 22.3 
23 18 89 17 4.2 22.3 
4 18 100 17 3.8 22.1 
5 29 112 20 6.6 21.9 
37 15 80 15 3.8 21.5 
2 16 105 18 3.8 21.3 
32 19 86 15 4.9 21.3 
31 16 83 15 4,5 21,2 
24 27 102 17 4.5 21.2 
17 35 105 17 5.5 21.1 
20 24 101 1 8  6.1 21.1 
22 19 100 19 3,7 20.9 
30 32 109 19 5.6 20.8 
11 22 104 18 4.4 20.5 
12 21 104 19 4.3 20.5 
33 36 95 17 6.4 20.4 
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Table 31* Segregate means and least significant difference (LSD) values 
for heading date, plant height, 10-groat weight, straw protein 
percentage, and kernel protein percentage in experiment 98. 
Trait 
Entry Headi ng Plant 10-groat Straw Kernel 
No. Date Height wei ght Protein Protei n 
(cm) (eg) (%) (%) 
32 21 101 24 5.2 25.0 
16 25 111 22 4.5 24.5 
17 21 101 21 5.2 24.1 
27 27 116 23 5.1 24.0 
1 25 111 21 5.0 23.2 
22 28 111 25 5.5 23.0 
33 24 108 24 4.8 22.9 
10 22 116 25 3.9 22.0 
23 19 100 22 4.5 22.0 
26 25 120 22 5.3 22.0 
3 21 104 22 4.7 21.9 
11 30 113 27 6.5 21.8 
14 24 105 23 5.2 
00 cs
l 
34 23 107 18 6.2 21.6 
7 25 Î Î 5  19 5.3 21.6 
18 23 110 21 4.4 21.3 
8 23 108 21 4.9 21.2 
12 24 111 23 4.8 
CM CM 
35 43 113 23 8.2 21.2 
28 30 110 20 6.2 21.1 
24. 25 108 24 4.6 20.7 
30 23 119 25 4.3 20.6 
13 30 109 23 7.6 20.5 
21 26 129 21 5.4 20.5 
5 22 105 18 5.0 20.3 
2 25 118 20 4.4 20.2 
6 21 96 16 4.5 20.2 
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Table 31. Continued. 
Trait 
Entry Heading Plant 10-groat Straw Kernel 
No. Date Height weight Protein Protein 
(cm) (eg) (%) (%) 
25 31 111 24 5.3 20.1 
29 26 111 20 4.4 19.8 
9 23 108 18 4.1 19.8 
19 34 119 20 6.5 19.7 
20 20 105 20 3.6 19.6 
15 33 116 24 6.0 19.6 
4 22 116 18 4.6 19.4 
31 18 97 23 3.6 18.1 
Mean 25 110 21 5.1 21.3 
LSD(. 05) 4 9 5 - 2.7 
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Table 32. Segregate means and least significant difference (LSD) values 
for heading date, plant height, 10-groat weight, straw protein 
percentage, and kernel protein percentage in experiment 99 
Trait 
Entry Headi ng Pi ant 10-groat Straw Kernel 
No. Date Hei ght wei ght Prote i n ProteÎ n 
(cm) (eg) (%) C%) 
13 24 116 22 3.9 24.6 
30 28 115 20 3.8 23.6 
23 47 112 15 8.0 23.4 
1 19 116 24 3.3 22.9 
29 19 96 23 3.3 22.9 
24 31 106 23 5.0 22.8 
22 23 115 26 4.2 22.6 
9 44 109 20 10.5 22.2 
16 22 96 23 4.4 22.2 
20 22 106 17 4.0 22.0 
14 27 110 25 5.3 21.7 
8 44 115 19 7.9 21.7 
34 27 111 24 4.8 21.7 
17 23 100 20 5.1 21.5 
2 20 104 23 3.5 21.2 
19 21 114 28 3.7 21.2 
25 19 108 24 3.3 21.0 
4 23 no 23 3.7 20.8 
18 21 101 25 3.4 20.6 
33 23 98 18 4.4 20.5 
12 24 109 22 4.4 20.3 
7 20 102 20 3.4 20.3 
26 24 104 26 5.1 20.2 
27 20 106 22 2.9 20.0 
5 29 118 26 4.4 19.9 
15 21 104 18 4.5 19.9 
32 27 122 24 4.1 19.7 
Table 32. Continued. 
95 
Trai t 
Entry Heading Plant 10-groat Straw Kernel 
No- Date Height weight Protein Protein 
(cm) (eg) (%) (%) 
31 22 104 22 3.1 19.7 
6 36 112 20 4.0 19.0 
11 29 111 20 4.7 18.9 
3 30 113 24 4.4 18.7 
21 29 124 24 5.0 18.5 
28 31 118 22 3.9 18.3 
10 32 118 23 4.3 18.3 
Mean 26 109 22 4.4 20.9 
LSD(. 05) 3 6 5 - 3.1 
